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EDITORS' PAGE 


It has been a pleasure for us to be associated with the publication of this journal and 
to see it completing one more year successfully. Satisfaction has been our "reward". All 
human scientific endeavours or the past were full of such "small rewards". However, 
more prevalent these days are the tall talks about "awards" won by scientists. This is 
more so in Indian scenario because most social/political/technical organizations 
announce some sort of awards whenever they, in their dream, "stumble" upon the idea 
that science needs encouragement. The positive impact (or otherwise) of having too 
many awards need to be carefully analyzed. 

Is winning "Award" the final goal of our scientific, investigations or we have also to 
think of the science which follow out of our efforts? Can we not take "Awards" as the 
by-product of the rewarding experience of doing good and meaningful science? Does 
winning one "Prestigious Award" give a license to stop being really scientifically active 
and start using that "Award" as a step to get another award? We invite 
comments/views/related policy issues from fellow scientists for publication in this 
journal to generate a debate because Indian experiences have been widely different in 
this regard (both ways). Scientists themselves have to earnestly think of the pros and 
cons. It is accepted and expected that "Awards" would trigger more enthusiasm, 
particularly in the awardee and generally in his entire sphere of influence. 

One of the most prestigious scientific award of India is Bhatnagar Award which 
Hon. Prime Minister of India has graciously presented recently to the selected scientists 
below the age of 45 years for their excellent scientific contributions. Through this 
journal, on behalf of the National Academy of Sciences, we congratulate all the 
recipients and wish them success in life, We hope that they would continue to be 
scientifically productive and further enhance the prestige of Indian Science. The readers 
of this journal, easily accessible to many Indian scientists, would like to have a 
glimpse of the excellent work done by the recent award-winners through their 
contributed review/overview papers. We request all the current Bhatnagar awardees to 
give this small reward to a Indian scientific journal, if they can! 

We wish all our readers and fellow scientists a Happy New Year, 2005!! 


Girjesh Govil 
Jai Pal Mittal 
Suresh Chandra 


The views expressed here are solely those of one of the Editors and do not necessarily reflect those of the Academy 
or the Institute where he works. 
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Abstract 

Breast cancer is the commonest cancer among 
women world over and the diagnosis continues to 
generate fear and turmoil in the life of patients 
and their families. This article describes the 
currently available techniques used for screening 
primary and recurrent breast cancers and the 
evaluation of therapeutic response of breast 
cancer with special emphasis on MRI and MRS 
techniques. MRI, a noninvasive technique, 
provides anatomic images in multiple planes 
enabling tissue characterization. Contrast 
enhanced MR studies have been found to be useful 
in the diagnosis of small tumors in dense breast 
and benign diseases from malignant ones. In vivo 
magnetic resonance spectroscopy (MRS) is 
another useful technique for diagnosis and for 
assessing the biochemical status of normal and 
diseased tissues. Being noninvasive, MR tech- 
niques can be used repetitively for assessment of 
response of the tumor to various therapeutic 
regimens and for evaluating the efficacy of drugs 
at the both at the structural and molecular level. 
An overview of the various aspects of different 
imaging modalities used in breast cancer research 
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including various in vivo MR methodologies with 
clinical examples is presented in this review. 

(Keywords: Mammography/ultrasound/magnetic 
resonance imaging (MRI)/contrast enhanced 
MRI/ in vivo and 3I P magnetic resonance 
spectroscopy (MRS)/ breast cancer) 


Introduction 

Breast cancer is the leading cause of 
cancer related death among women of 40 
and 55 years of age and is the most 
frequent malignancy in women world- 
wide 1,2 . In India, one out of every 20 
women has the risk of developing breast 
cancer in Delhi and Mumbai. 3 The early 
diagnosis of breast cancer is therefore 
crucial to reduce disease-specific mortality 
and to improve other clinical outcomes. 
This has led to exploration of techniques 
for the diagnosis of breast cancer in high- 
risk women. Number of research projects is 
underway to develop/improve detection, 
diagnosis and characterization of primary 
and recurrent breast cancers and their 
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response to various treatment regimens. 
Mammography is the first line of imaging 
modality used, which can potentially detect 
small lesions before they are palpable and 
clinically apparent 4 . In young women 
particularly due to dense breast it is 
difficult to distinguish a mass and fatty 
tissue and many false negative mammo- 
gram are reported 5 " 7 . Further research into 
improving mammography image quality 
with the use of computer-assisted tech- 
niques is expected to improve detection. 

In recent years, MRI of the breast has 
gained increasing importance in the field of 
breast imaging. Large-scale trials have 
confirmed the technique's high sensitivity 
for primary and recurrent breast cancers 8 " 14 . 
Breast MRI was first reported in the 1 980s, 
but early results were disappointing. Sub- 
sequently, intravenous contrast agents were 
used with MRI in the late 1980s, offering a 
clear advantage. Contrast enhanced (CE) 
MRI relies on the enhancement of MR 
signal intensity after the administration of a 
contrast agent, and therefore, the issue of 
breast density is usually not problematic as 
with mammography. In general, malignant 
tumors showed fast uptake of contrast and 
show high intensity while surrounding 
normal tissues do not enhance. Numerous 
studies in different patient populations and 
with different techniques have proved that 
MR is useful in detecting most invasive 

15-17 

cancers . 

Even though MRI has proven to be an 
indispensable diagnostic tool, it is often 
found to be nonspecific in defining the 
underlying pathology at the molecular 
level. However, in vivo MR spectroscopy 
could be an alternative methodology 
because it can detect the biochemical al- 
terations accompanying the disease pro- 
cesses. Information on metabolites asso- 
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ciated with specific disease process and 
their relative levels depicting the bio- 
chemical status in a particular region of the 
tissue or organ can be obtained which may 
help to understand the various metabolic 
processes of normal and pathological 
tissues. The technique can also be used 
repetitively to monitor the response of 
tumors to various therapeutic modalities 
and efficacy of drugs 18 " 21 . 

In this review several breast cancer 
imaging modalities such as mammography, 
ultrasound and CEMRI are discussed in the 
sections to follow, although because none 
of these techniques is without drawbacks, 
the search will continue until an ultimate 
technique is discovered. In addition, the 
role of MR in the diagnosis and follow up 
of chemotherapeutic treatment of breast 
cancer patients is reviewed. 

(a) Mammography 

Mammography is a special type of X- 
ray imaging which is used to create a 
detailed image of the breast. Like simple X- 
ray imaging procedure, a film coated with a 
special phosphor is placed under the breast 
and low dose X-rays are transmitted 
through the compressed breast. As X-rays 
pass through the breast they are attenuated 
to different extent depending on the 
different densities of tissues. The X-ray 
photons then encounter the phosphor 
coating of the film, which glows in 
proportion to the intensity of the photons 
striking it, thus exposing the film with an 
image of the internal structures of the 
breast. Mammography takes advantage of 
the different X-ray attenuating chara- 
cteristics of the breast tissues to diff- 
erentiate between normal and abnormal 
structures. Fat is very dense and absorbs or 
attenuates a great deal of the X-rays. The 
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connective tissue around the breast ducts 
and fat is less dense and attenuates or 
absorbs far less X-ray energy. Mammo- 
graphy has a high sensitivity and can 
visualize 85 to 90% of breast cancers in 
women older than 50 years of age. It can 
also reveal a tumor before a lump can be 
felt 22 . Despite higher sensitivity, its 
specificity is low to about 30% in some 
cases and 65% 23 ' 24 to a high of 80% 25 in 
other studies. In particular, mammography 
is less sensitive and less specific in younger 
women, who tend to have dense breast 
tissue. The technique also has a relatively 
high false-negative rate ’ . Studies 
indicate that only 1 in every 4 to 6 biopsies 
reveal breast cancer, which means that as 
many as 75% of biopsies are performed for 
benign lesions and are therefore unnece- 
ssary " . There continues to be a need for 
an imaging technique that is highly 
sensitive and specific, relatively non- 
invasive, cost effective and offers a high 
predictive value of breast cancer. 

(b) Digital Mammography 

As discussed earlier with conventional 
film screen mammography images are 
recorded on a film using an X-ray. With 
digital mammography, the breast image is 
captured using a special X-ray detector, 
which converts the images into a digital 
picture for review on a computer. With 
digital mammography, magnification, 
orientation, brightness, and contrast of the 
image can be altered after the exam is 
completed to help the radiologist to clearly 
see certain areas 28 . Selective magnification 
of the region of interest of the image 
eliminates the need for the supplemental 
views that may be necessary with 
conventional mammography sparing the 
patient’s additional exposure to 
radiation 28,29 . A variety of computer- 
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assisted programs have been developed 
which identify abnormal areas and help 
distinguish benign lesions from potentially 
malignant ones. These are useful in cases 
that would ordinarily require a second 
reader because of suspicious findings. 
Despite the numerous advantages of digital 
mammography compared with conven- 
tional film-screen mammography, there are 
some disadvantages due to technologic 
limitations that will be resolved in future. A 
potential disadvantage of digital mammo- 
graphy is reduced spatial resolution. 
Current digital systems are limited by the 
size of pixels technologically available. 

(c) Ultrasound 

An adjunct to conventional mam- 
mography, ultrasound is particularly useful 
in the evaluation of dense breasts. The 
method has demonstrated efficacy in 
differentiation of cysts from solid masses, 
abscesses, imaging of women younger than 
25 years old with a palpable mass, imaging 
guidance in core needle biopsy, etc 28 . 
Ultrasound has several potential dis- 
advantages, for example, it is impossible to 
consistently image micro-calcifications. 
Furthermore, there is significant overlap in 
the morphologic characteristics of benign 
versus malignant lesions. 

(d) Breast MR Imaging 

Principle of MRI 

Magnetic interaction between nuclei of 
atoms and radio frequency (RF) field in the 
presence of an external magnetic field (B 0 ) 
is the basic phenomenon to generate an MR 
image 30 . In addition to positive charge, 
some nuclei, for example, proton ('H), 
phosphorus ( 3 I P), etc. have an inherent 
property called spin (I) or spin angular 
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momentum and behave like magnetic 
dipoles. The nuclear spin generates a 
magnetic field i.e. magnetic moment. When 
a sample containing these nuclei (or a 
patient) is placed in a strong magnetic field, 
these will tend to orient either parallel or 
anti-parallel to the field. Spin population is 
more in parallel orientation, being the 
lower energy state. A second magnetic field 
i.e. RF pulse is applied which induces 
transition and the nuclei are flipped with 
the absorption of energy from a lower 
energy state (parallel) to higher energy state 
(an anti-parallel orientation). After 
switching off the RF pulse, the nuclei emit 
energy and return to the lower energy state. 
This emitted signal is detected by the 
receiver and is processed to generate either 
an NMR spectrum or an MR image. 
Clinical MR imaging of human body relies 
on the abundant and strong signal of mobile 
protons primarily from water and fat 
present in the tissues. The spatial 
distribution of these mobile protons 
obtained is represented as an image that 
provides anatomical as well as pathological 
information. For further details readers are 
referred to standard text books and 

31-33 

reviews 

Relaxation Times 

As discussed earlier when the RF pulse 
is switched off, the nuclei will begin to 
realign by loosing its energy and relax back 
to its original position. There are primarily 
two mechanisms of relaxation: (a) spin- 
lattice (longitudinal) relaxation (Tl), and 
(b) spin-spin (transverse) relaxation (T2). 
As the nuclei return to the lower energy 
state, energy is lost by interaction with the 
surrounding lattice or environment. This 
process is governed by a time constant TI 
and is called as spin-lattice (longitudinal) 
relaxation time. T2 denotes the spin-spin 
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(transverse) relaxation time. This refers to 
the loss of energy due to interaction with 
other nuclei aligned with the magnetic 
field. T2 relaxation is actually confounded 
by T2* relaxation, which is much shorter 
and results from inhomogeneity in the 
magnetic field. Tl and T2 are specific 
tissue characteristics. Their value varies 
depending on other factors such as 
magnetic field strength. Nevertheless, at a 
given field strength, different tissues have 
different characteristic Tls and T2s 31,32 . It 
is important to realize that Tl and T2 
relaxation times are occurring simul- 
taneously during any given imaging 
procedure, and both govern the signal 
intensity in an MR image. MR images 
weighted by T 1 , T2 or PD may be produced 
by varying the MR acquisition parameters 
like repetition time (TR) and time for echo 
(TE). 

Magnetic field gradients 

The basis of MRI is that the Larmor 
precession frequency is used to mark the 
position of an object within the scanned 
volume. The precession frequency is 
directly proportional to Bo. A magnetic 
field gradient coil can modify the strength 
of Bo, and hence the Larmor frequency, 
depending on the position (x) within the 
scanner. MRI systems are generally 
characterized by the strength of the 
magnetic field. 

There are three main steps in generating 
an image: slice selection; phase encoding 
and frequency encoding for image for- 
mation. Three separate coils one each for 
the x, y and z - directions that are 
independently controlled are situated within 
the bore of the magnet of the MRI scanners. 
Prior to actual image acquisition, the 
magnetic field is same at all points 
throughout the patient's body. The 
NATL ACAD SCI LETT, VOL. 27, NO. 1 1 & 12, 2004 
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combination of a field gradient inho- 
mogeneity and excitation by a specific 
frequency permits slice selection, the first 
step in image formation. A magnetic field 
gradient Gs (slice selection gradient) are 
applied at right angles to the slice that is to 
be selected. It can be applied in any 
direction, depending on the orientation of 
the slice being imaged. Due to gradient 
field, Larmor frequency will vary along the 
slice-selection direction. In association with 
this gradient field, a 90° RF pulse is applied 
and only the nuclei that match the 
frequency of the RF pulse will now be 
rotated through 90° and only these nuclei of 
this particular slice will precess and yield 
an NMR signal. 

The stronger the gradient field, the 
thinner will be the slice. Similarly, narrow 
bandwidth RF pulses, produces thinner 
slices. Among the three pairs of gradient 
coils i.e. x-gradient, y-gradient and z- 
gradient, the z-gradient changes the 
gradient magnetic field along the z-axis 
thereby allowing a slice of the patient to be 
selected for imaging. The x-gradient coils 
produce a magnetic field gradient across 
the patient and therefore the horizontal axis 
across the patient, thus providing spatial 
localization along the x-axis of the patient. 
This technique is usually called 'frequency 
encoding'. The y-gradient coils produce 
magnetic field gradient through the patient 
from front to back, and by convention, the 
y-axis is the vertical axis through the 
patient used for ’phase encoding' the NMR 
signal. Together, the y- and x-gradients 
allow precise determination of where 
within the imaging plane the contribution to 
the NMR signal from each voxel or pixel 
originates. The z-gradient is always used 
for selection of a transaxial plane to be 
imaged and is called 'slice selection' 
gradient. To select the axial, sagittal or 
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coronal plane for imaging, the z-, x-, or y- 
gradients, respectively, will be energized as 
magnetic fields add vectorially. When all 
the three gradients are energized at the 
same time, an oblique plane is defined. MR 
images are assigned shades of gray, white, 
and black to the strength of the MR signal 
produced by the protons. 

The MR signal data for image 
formation is collected by using a set of 
instructions, which are defined as pulse 
sequences through a powerful computer. 
These pulse sequences accomplish two 
tasks. Firstly, to collect the data in an 
orderly fashion so that the position of the 
signals can be determined - i.e., the pixel 
position - and this is the function of the 
gradient magnetic fields as outlined earlier. 
Secondly, it influences the image contrast - 
pixel character - by specifying the timing 
and power of the RF pulses. Many of the 
parameters that have to be specified in a 
pulse sequence, such as the timing and 
magnitude of gradient magnetic fields 
(normally denoted as G x or G y or G z ) are 
included in the computer software. 

A number of MRI pulse sequences are 
in use, they all may be categorized into two 
main groups built around either the spin- 
echo (SE) or the gradient recalled echo 
(GRE) and the images acquired in either a 
single-echo or a multi-echo approach 31,34 . 
The most commonly used sequences are: 
partial saturation, inversion recovery, spin 
echo, FLASH (fast low angle shot), 
GRASS (gradient recalled acquisition in 
steady state), and others. In order to obtain 
images with good contrast and quality, one 
needs to specify (i) type of pulse sequence, 
(ii) time intervals TR, TE, etc. (iii) matrix 
size, (iv) number of signal averages, (v) 
plane of image, (vi) spatial separation of 
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the slice, etc. Multi-slice and multi-echo 
technique help to decrease total scan time. 

Contrasts in MRI 

As mentioned in earlier sections the primary’ 
sources of inherent tissue contrast in MRI 
are three: proton (spin) density (PD) and 
relaxation times, T1 and T2. The PD within 
soft tissues vary by only a few percent while 
there is more wide variation in T1 and T2 
sometimes by more than 100% among soft 
tissues and therefore have important effect 
on image contrast. 

The signal intensity in an MR image is 
a function of Tl, T2 and image acquisition 
parameters such as TR (time of repetition) 
and TE (time of echo). The MR images are 
either PD, Tl-weighted or T2 -weighted 
images. They usually do not refer to images 
that display PD, Tl or T2, instead, the 
terms refer to the relative weight with 
which the three parameters affect the tissue 
contrast in MR images. The tissues with 
short Tl will appear bright on Tl- weighted 
image while tissues with long Tl will 
appear dark. In general, tumor tissues have 
longer Tl and T2 values compared to 
normal tissues 31 ' 33 . The Tl-weighted image 
acquired on breast cancer patients showed 
tumor tissue as dark while fat and normal 
tissue appear as white areas as shown in 
Fig. la. In T2 - weighted image of sagittal 
section of the breast (Fig. lb), fat appears 
as dark while tumor appears white. Tl - 
weighted images provides better anatomical 
details (morphology) while T2 images are 
useful for identifying the tissue pathology. 

MRI is highly sensitive to physical, 
chemical and biological characteristics of 
tissues and fluids. The ability to visualize, 
detect and diagnose abnormalities may be 

378 


affected by several factors such as image 
contrast, signal-to-noise ratio, spatial 
resolution, temporal resolution in dynamic 
contrast-enhanced MRI and the presence of 
artifacts. In addition to proton density, Tl 
and T2, several other parameters like the 
magnetic susceptibility, chemical shift and 
magnetization transfer also influence 
contrast in an MR image. Moreover, 
functional parameters like diffusion, 
perfusion, flow and uptake of contrast also 
affect the contrast of MR images. It is 
important to note that the signal intensity of 
MR images is usually not directly 
proportional to a single tissue parameter. In 
most cases a pulse sequences are optimized 
to produce an image weighted to a 
particular tissue parameter. 

There have been numerous technolo- 
gical advances in MR imaging of breast, 
including introduction of intravenous 
gadolinium-based contrast agents; the 
development of dedicated breast surface 
coil; and the introduction of standard 
imaging sequences. Today, MR imaging .of 
breast generally is performed with a 
dedicated coil that permits simultaneous 
imaging of both breasts using gadolinium- 
based intravenous contrast agents. 

(e) Contrast Enhanced MRI of Breast 

Breast lesions usually show high signal 
intensity on MR images compared to 
normal surrounding tissues following the 
administration of intravenous (IV) contrast 
agents. This phenomenon occurs due to the 
hyper-vascularity of growing tumors and 
increased uptake of contrast media by 
tumors. 

The difference in faster uptake of 
contrast agent by malignant compared to 
benign or normal tissues helps distinguish- 
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ing these using MRI. Numerous studies 
have shown that malignant tumors 
frequently reveal faster and higher levels of 
enhancement when compared to norma! 
surrounding tissues. Tumors in a number of 
anatomic sites including breast, bladder, 
bone and prostate 35 ' 38 have been evaluated 
using contrast CEMRI. The contrast agents 
are freely diffusible, that is, they readily 
pass from the intravascular space into the 
interstitium and give rise to parenchymal 
enhancement. The use of fast imaging 
sequences and the development and 
application of tracer kinetic modeling 
techniques now provides a complete 
understanding of the physiological basis of 
contrast enhancement in breast cancer. 
With optimal data collection, sequences can 
be designed to be sensitive to tissue 
perfusion and blood volume (so-called T2* 
methods) and/or permeability and extra 
cellular leakage space (so-called T1 
methods) 39 . 

Perfusion-weighted images can be 
obtained by analyzing the passage of the 
contrast medium through the tissues. When 
a bolus of paramagnetic contrast agent 
passes through blood capillaries, it 
generates B 0 inhomogeneities that result in 
a decrease in the signal intensity of 
surrounding tissues. This effect can be 
observed with susceptibility- weighted T1 
or T2*- weighted sequences, the latter 
providing greater sensitivity and contrast to 
perfusion effects. MR systems capable of 
fast image acquisition are required to 
characterize adequately these effects. 
Tracer kinetic principles are used to 
quantify T2* phenomena and estimates of 
tissue perfusion characteristics are derived. 
These include relative blood volume (rBV), 
relative blood flow (rBF) and mean transit 
time (MTT). Quantifying T2* effects is 
currently restricted to the brain because the 
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intact blood-brain barrier retains the 
contrast agent within the intravascular 
space. Quantification cannot readily be 
applied to areas with very leaky capillaries 
e.g. breast cancer. The usefulness of 
perfusion imaging for characterizing breast 
lesions has been reported 40,41 . These studies 
have shown that T2* -weighted perfusion 
imaging is feasible in breast and that the 
technique shows promise in differentiating 
benign from malignant lesions. Kuhl et al A0 
and Kvistad et a/. 41 compared T2* images 
with T1 imaging and showed that 
malignant tissues showed stronger decrease 
in signal intensity whereas perfusion effects 
in fibroadenomas were minor. This was 
explained on the basis of perfusion 
characteristics alone, despite significant 
overlap in T1 enhancement patterns. The 
pathophysiolgical explanation for this 
observation probably relates to differences 
in microvessel arrangements, density and 
size in tumors and fibroadenomas. 

Gadolinium chelates readily pass from 
the blood into extra-cellular space of 
tissues, at a rate determined by the 
permeability of the capillaries and their 
surface area. The degree of enhancement 
seen on T1 -weighted images is dependent 
on a number of physiological and physical 
factors. These include tissue perfusion, 
capillary permeability to contrast agent, 
volume of the extra-cellular leakage space, 
native T1 relaxation time of the tissue, 
contrast agent dose, imaging sequence used 
and parameters utilized and machine 
scaling factors. Key histological features 
that correlate with tissue enhancement on 
T1 -weighted images are difficult to find. 
Vascular density in malignant tissue is 
higher than normal parenchyma, but there 
is an overlap with benign lesions including 
inflammatory and proliferative pro- 
cesses 42,43 . Various studies on breast MR 
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have shown that malignant tissues enhance 
earlier and to a greater extent than benign 
breast disease. This difference is most 
marked in the early period (1-3 min) after 
bolus contrast medium administration 35,44 . 
However, other investigators 10,45 have 
demonstrated that while cancers tend to 
enhance faster than benign lesions, there is 
a clear overlap in the enhancement rates of 
benign and malignant lesions. 

A dose of 0.2 mmol/kg body weight of 
contrast medium was used in early breast 
MRI studies using spin-echo sequences. 
Now-a-days breast MR examinations are 
performed with gradient-echo techniques 
due to their higher T1 sensitivity with a 
contrast medium dose of 0.1 mmol/kg body 
weight. However, in general there is 
ambiguity with regard to the effective dose 
of contrast agents for breast examinations. 
One report claimed a higher sensitivity with 
0.16 mmol/kg of gadopentetate dimeglu- 
mine compared with the standard dose (0. 1 
mmol/kg) 46 . This study was performed on a 
1 T magnet, used 3-D gradient echo 
sequences with 3-mm section thickness. 
These investigators found that the ability to 
detect small lesions and to discriminate 
benign and malignant lesions was improved 
in relation to contrast medium dose. 

A dynamic CEMRI is recommended to 
maximize specificity. But higher temporal 
resolution imposes limitation of reduced 
spatial resolution or decreased coverage. 
Higher temporal resolution techniques 
appear to improve the specificity of 
examinations because of better chara- 
cterization of the signal intensity time 
curve. Study by Boetes et at. 35 suggested 
that characterization of breast lesions is 
optimal at 1-2 s image acquisitions. The 
highest specificity demonstrated to date 
with breast MRI has been with fast 2D- 
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dynamic contrast-enhanced techniques 
(with imaging times from 1 to 12 s per 
study). 

High-resolution 3D techniques with 
voxel sizes less than 1 mm provide high 
sensitivity imaging. This is performed with 
fat suppression in approximately 3-4 min 
and differential enhancement between 
malignant and benign lesions is greatest. 
Image interpretation is based on mor- 
phological characteristics. Several inves- 
tigators 45,47 have reported the architectural 
features identified on high spatial resolu- 
tion contrast-enhanced MR imaging studies 
that are used for lesion diagnosis. 

(f) In vivo MR Spectroscopy 

31 P MR Spectroscopy: 

Over the past decade in vivo MRS has 
increasingly been applied in evaluating 
breast carcinoma using the nucleus 3I P. 
Several review articles discusses the results 
obtained using 31 P MRS on breast cancer 
patients 48 . 31 P MR spectra are simple to 
comprehend since the MR signals are 
observed only from the relatively mobile 
compounds, which are in mM con- 
centration. Thus, monitoring the relative 
concentration of various 31 P metabolites 
noninvasively helps to study the 
biochemistry of diseased and normal states 
of tissues and can also be used to monitor 
the efficacy of several therapeutic 
interventions. The 31 P MR spectrum of the 
normal breast tissue (Fig. 2) include 
information on resonances from phosphate 
groups of nucleotide-tri-phosphate, in 
general, P-adenosine-tri -phosphate (ATP), 
at -16 ppm, signal at -2.5 ppm is 
characteristic of y-ATP while the signal at - 
7.5 ppm contains contributions from the a- 
phosphate groups of both ATP and 
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Fig. 1- (a) T1 - weighted sagittal MR image of a patient suffering from infiltrating duct carcinoma of the breast showing 
the tumor area as hypo-intense, while in T2 - weighted sagittal image (b) the tumor tissue appears as hyper- 
intense area. 
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adenosine - di — phosphate (ADP). The 
resonance at 5 ppm is observed due to 
inorganic phosphate (Pi) and in some cases 
resonance due to phosphocreatine (PCr) 
may also be observed which could be due 
to chest wall. 


O 



Chemical shift frmml 


Fig. 2- 3, P MR spectrum from the normal breast tissue 
of a volunteer. 

Signals from metabolites involved in 
phospholipids metabolism are also ob- 
served. Primarily the signals arise from 
phosphomonoesters (PME; 6-8 ppm) and 
phosphodiesters (PDE; 2-4 ppm). The 
PME peak contains several compounds 
such as sugar phosphates and phospho 
choline (PC). The metabolic state of cells 
can thus be monitored using PME peak. 
Increase in PME in malignant cells 
suggests alterations in lipid metabolism 49,50 . 
Glycerophosphocholine (GPC) and phos- 
phoethanol amine (PE) are major PDE 
components observed in 31 P spectra and the 
importance of these metabolites has been 
discussed elsewhere 51 . 31 P MR spectro- 
scopy demonstrated the presence of high 
PME content in human breast cancers 52,53 
and was found to be lower in the normal 
breast tissue while during the second week 
PDE/PME ratio was higher than at the other 
stages of the menstrual cycle 54 . PME was 


also seen to be increased in lactating breast 
by a factor of two compared to the non- 
lactating premenstrual breast 48 . In general, 
the phosphate metabolites were lower in the 
post-menopausal women compared to the 
pre-menopausal women. Using ISIS 
localization, Payne et a!. 55 studied the 
normal breast tissues and observed higher 
level of PME at the late follicular (LF) 
phase of the menstrual cycle compared to 
the early luteal (EL) phase while PDE was 
maximum at the early follicular (EF) phase 
compared to the LF phase. Significant 
changes in PME were noticed compared to 
that observed in PDE. Higher PME in 
human breast tumors has been 
demonstrated by a number of investigators 
using in vivo methods 52,53,56 . In excised 
breast carcinoma in culture medium, the 
content of PME and NTP was three times 
higher than in benign breast lesions . Ng. 
et a/. 58 reported higher total phosphate level 
in breast carcinomas compared to the 
normal breast from non-menstruating 
women. In untreated human breast tumors 
PME was found to be higher than in the 
spectra of normal breast of post- 
menopausal women. 


-s 




Fig. 3- (a) 'H MR spectrum acquired from an 8 ml 
voxel localized in the normal breast tissue of a 
healthy volunteer, (b) l H MR spectrum from 
an 8 ml voxel positioned from the tumor 
region of a patient suffering from infiltrating 
duct carcinoma of the breast. 
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1 H MR Spectroscopy: 

Recently, considerable interest has also 
been shown in the use of proton MRS 
methods for noninvasive detection of 
biochemical differences between malignant 
and normal breast tissues in breast cancer 
patients. Fig. 3a shows the ! H MR spectrum 
(without water suppression) from the 
normal breast tissue of a volunteer. The 
intense peaks in the spectra observed at 
1.33 ppm are due to methylene [-(CH 2 ) „-] 
protons of the lipid while the water peak is 
at 4.7 ppm. Fig. 3b shows the spectrum 
obtained from a tumor tissue (infiltrating 
duct carcinoma) which is dominated by 
water with little contribution from lipid. 
The water suppressed proton spectrum from 
the tumor 59 of a patient suffering from 
infiltrating duct carcinoma is shown in Fig. 
4b while the corresponding voxel location 
in Fig. 4a. It is observed that the spectrum 
from the tumor tissue is different from the 
normal and the unaffected breast tissue. In 
tumor spectrum, water peak dominates with 
low contribution from the protons of the 
fatty acid chains in comparison to the 
control and the unaffected breast. 
Comparison of water- to-fat (W/F) ratio 
among the above three groups showed that 
the tumors are characterized by high W/F 
values 60,61 which varied from 1 to 30, while 
in controls the value is 0.34 ± 0.25 and in 
the unaffected contralateral breast tissue of 
the breast cancer patients it is 0.35 ± 0.42. 
Observation of elevated W/F ratio in breast 
cancer patients is in agreement with the 
generally established trend that tumors 
have considerably higher water content 62,63 . 
Mackinnon et al . 63 also reported changes in 
lipid content with tumor development and 
progression. The W/F ratio can also be used 
to monitor the efficacy of the treatment 
procedures in breast cancer patients 60,61 . A 
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statistically significant reduction in the W/F 
ratio was observed in patients who have 
undergone the complete course of chemo- 
therapy regimen (1.2 ± 1.5) compared to 
the pre-therapy value of 7.2 ± 7.4. 

In the proton MR spectra acquired with 
water suppression of tumor tissue in 
addition to the residual water and lipid 
peak, a peak at 3.2 ppm due to choline 
containing compounds was also observed 
as shown in Fig. 4b. The intensity of the 
Cho peak was monitored prior to and one 
week after the completion of the 3rd or 6th 
cycle of neoadjuvant chemotherapy for 
assessment of the effect of the therapy 59 . 
The Cho resonance was found to be either 
reduced or absent in patients receiving 
complete course of chemotherapy indicat- 
ing response to chemotherapy 59 . The 
sensitivity of in vivo MRS in detecting Cho 
was 78% and the specificity was 86%. 
Similar findings have also been reported by 
others 64,65 . 

Absolute concentration of Cho in breast 
lesions from in vivo proton MRS has also 
been documented 66,67 . Mackinnon et al. 61 
reported elevation of Cho levels in 
malignant breast tumors compared to 
benign cases from in vitro NMR of FNAB 
samples. Of the various choline-containing 
compounds (Cho, GPC, and PC) that 
contribute to the peak at 3.2 ppm in in vivo 
MRS, an increase in phosphocholine 
appears to be highly probable 66,68 . The 
studies show the rate of transport and 
metabolism of Cho in primary cultures of 
human mammary epithelial cells and MCF7 
human breast cancer cells. The rate of Cho 
transport under physiological Cho 
concentration was found to be two fold 
higher in cancer cells. 
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Fig. 4~ (b) ! H MR spectrum obtained from an 8 ml voxel with water suppression from a patient suffering from 
infiltrating duct carcinoma showing the choline metabolite. The corresponding voxel location is shown in (a). 
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Conclusion 

More research focusing on the early 
diagnosis with improved sensitivity and 
specificity and evaluation of response to 
chemotherapeutic agents in breast cancer 
patients would be useful for improved 
survival. Screening procedures like clinical 
breast examination, ultrasound, and 
mammography are often limited in 
sensitivity and specificity. The area of 
biomedical MR is experiencing a rapid 
expansion due to its noninvasive nature, 
avoidance of ionizing radiation and its 
ability to generate high-resolution images. 
Presently, MRS and MRI are acting as a 
complementary tool to histology, mammo- 
gram and other accepted techniques. 
Increasing use of these methods is expected 
for basic research, clinical investigations 
and ultimately for patient diagnosis. In vivo 
MRS can now be used as a unique means to 
probe the biochemistry of living systems 
with diagnostic importance. MRS is 
currently employed for clinical investi- 
gation in many sites around the world, 
including India. The sensitivity and 
specificity of in vivo MRS for several 
disease patterns particularly for small 
lesions need to be improved before MRS 
can be incorporated into clinical practice. 
The increased availability of 3 T and 4 T 
magnets would further enhance the spectral 
quality, particularly for proton MRS 
studies. 
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Abstract 

The complex pathophysiology and the increasing 
severity of malaria infection as well as fast 
emergence of relapse cases in malaria and parasite 
strains (plasmodia) resistant to chloroquine and 
other new generations of antimalarials 
(ROLLING BACK OF MALARIA) necessitate 
the integrated work in the field of malariology. 
The work considered for Prof. B.K. Bacchawat 
Memorial Young Scientist Award Lecture is 
maiden report for the presence of heme oxygenase 
and biliverdin reductase in different species and 
strains viz. Plasmodium knowlesi (simian) P. 
berghei/P. yoelii (rodent) and P. falciparum/P. 
vivax (human) of malarial parasites. Initial studies 
revealed that Heme oxygenase of the parasite has 
67% and 85% nucleic- and amino acid sequences 
homology with the heme oxygenase gene of 
Corynebacterium diphtheriae. Also, heme biosyn- 
thetic enyzmes viz. 5-aminolevulinic acid synthase, 
5-aminolevulinic acid dehydrase, ferrochelatase 
and tryptophan pyrrolase were studied in rodent, 
primate and human malaria parasites. Detailed 
study of different enzymatic properties, show 
dissimilarities between the parasite and corres- 
ponding hepatic host enzymes. The activities of 


heme biosynthetic enzymes were elevated in the 
resistant strains of P.bergltei and Pfalciparum , 
thus responsible for increased hemoprotein 
cytochrome P-450 in some resistant strains. Heme 
oxygenase, biliverdin reductase activites were 
found to be in accordance with the degree of 
resistance experienced/acquired by the parasite, 
(P. falciparum /P.berghei /. P.yoelii ) ie. in case of 
resistant parasites (acquired or field isolates) the 
activity of the enzymes were higher , which can be 
taken as resistance marker. Resistant modulators 
synthesized by CDRI as well as others were found 
to be selective inhibitors of Heme oxygenase of the 
parasites in vitro and in vivo, resulting in increased 
retention of heme and thus chloroquine required 
for reversal of resistance of the malarial parasites. 
Therapeutic dose of Chloroquine was able to kill 
the chloroquine resistant Plasmodium bergliei as 
well as multidrug resistant Plasmodium yoelii 
nigeriensis infection in Mastomys coucha and 
Swiss albino mice respectively, in conjunction with 
the resistant reversal agents (inhibitors of 
parasitic heme oxygenase). 

(Key words : heme oxygenase / malaria / resis- 
tance / heme / bilirubin / hemozoin / resistant 
reversal agents) 


*Prof. B.K. Bachhawat Memorial Young Scientist Award Lecture, delivered on July 19, 2004 at Allahabad. 
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Introduction 

Malaria is a major cause of morbidity 
and mortality in many areas of the world, 
particularly in sub-Saharan Africa and 
southeast Asia. The number of malaria 
infections reach 200 million annually, 
resulting in 1 to 3 million deaths per year. 
Children are the most frequent victims, 
comprising 85% of all malaria related 
mortality 1 . Even worse, widespread drug 
resistance and the lack of novel 
antimalarials present major challenges in 
our future fight against malaria. The 
causative agent of human malaria is the 
protozoan parasite Plasmodium of which 
Plasmodium falciparum is the most 
virulent. The lifecycle of Plasmodium 
includes its insect vector, the female 
Anopheles mosquito, and the human host. 
Malarial parasites or plasmodia spends a 
portion of its life cycle inside the host's 
erythrocytes. During the intraerythrocytic 
cycle, Plasmodia ingest 25 - 75% of the 
host cell hemoglobin. The hemoglobin is 
degraded inside the parasite's food vacuole 
(pH 4.5-5. 5) by specific proteases, and the 
amino acids from the degraded globin are 
used as the building blocks for the 
parasite's own intermediary metabolism. 
Upon hemoglobin cleavage, free heme is 
released. Free heme is cytotoxic, it 
destabilizes and lyses the membranes and 
releases hydrolases into the parasite’s 
cytoplasm resulting in the killing of the 
parasites. Therefore, detoxification of the 
liberated heme is critical for plasmodia 
survival. 

In mammals, free heme is degraded via 
the heme oxygenase / biliverdin reductase 
pathway. A report exist regarding the 
absence of heme oxygenase in malarial 
parasites 2 . In P. falciparum, heme 
detoxification is achieved by polymerizing 

3S8 


free heme into insoluble crystalline 
material called hemozoin (also termed 
malaria pigment) 3,4 . Hemozoin is believed 
to be structurally identical to that of beta- 
hematin in which ferric iron of one heme is 
coordinated to the propionate carboxylate 
group of the next heme 5 . However, 
hemozoin too is supposed to be harmful to 
the parasites . Important functions like 
oxidative burst, phagocytosis and the 
expression of MHC class II are severely 
impaired in hemozoin-fed phagocytes. It 
seems therefore likely that hemozoin 
loading may play an important role in the 
impairment of the immune response seen in 
P falciparum malaria. 

Heme Oxygenase 

Heme oxygenase is a microsomal origin 
enzyme which cleaves the tetrapyrrole ring 
structure of heme at the alpha methene 
bridge to form an open tetrapyrrole, 
biliverdin. Biliverdin is subsequently 
converted to bilirubin by biliverdin 
reductase. Heme oxygenase is present from 
unicellular organism ( Cornebacterium 
diptheriae ) to mammals. Heme oxygenase 
was discovered in 1974 as a molecular 
wrecking ball, it has now found prevalence 
in all kinds of human pathophysiology 
ranging from stroke, cancer, multiple 
sclerosis and malaria to transplantation and 
in immune response. The physiological 
significance of heme oxygenase is 

1 . In the formation of bile pigments which 
are excellent antioxidants. 

2. Maintaining the levels of proxidant 
heme to nontoxic state. 

3. Iron liberated from heme by the action 
of Heme oxygenase can be utilized in 
the hemoproteins formation. 

NATL ACAD SCI LETT, VOL. 27, NO. 11 & 12, 2004 



LEAD ARTICLES/OVERVIEWS OF NEW DEVELOPMENTS 


4. carbonmonoxide can be used as a 
second messenger (Fig. 1). 


Heme+3NADPH2+02 » 


biliverdin+Fe 2+ +C0+3NADP + 3H 2 0. 


In mammals, the activity of heme oxygenase 
is highest in the spleen, where senescent 
erythrocytes are sequestrated and destroyed. 


HEME 



Biliverdin 

Reductase 


NADPH 



NADP + 

▼ 


Bilirubin 

Fig. 1- Heme Degrading Pathway 

Keeping all the above information into 
account, it seems necessary that the 
malarial parasites living in the viscinity of 
free heme pool, should have the possession 
of heme detoxifying/degrading pathway 
which can help in scouraging the harmful 
effects of heme on the parasites. 


1. Biochemical and molecular 
characterization of Heme Oxygenase in 
Malarial parasites: 


Heme, when in its free form (generally 
formed by the tear and wear of the 
important hemoproteins) is a toxic 
biomolecule. It can retard or inhibit the 
functions of the nucleic acids as well as 


proteins. In the biosystem the toxicity of 
heme is countermanded or harnessed by the 
presence of heme degrading system com- 
prising of heme oxygenase and biliverdin 
reductase. The intraerythrocytic stages of 
the malarial parasites dwell in the red blood 
cells, utilising its hemoglobin for survival 
and propagation. 

In this process hemoglobin is being 
degraded by the parasite proteases into 
heme and globin, globin is further acted 
upon by the parasite proteases to be 
converted into amino- acid, which are 
utilized by the parasite as protein building 
blocks. Heme can be polymerized into 
hemozoin, the malarial pigment, which is 
supposed to be less toxic than heme, but 
only 30% of the heme undergoes 
polymerization and nothing was known 
about the fate of the remaining 70% of the 
heme moiety (Fig. 2). 

For the first time presence of heme 
oxygenase and biliverdin reductase have 
been shown in different intraerythrocytic 
stages (schizonts, rings and trophozoite) as 
well as different species and strains of 
Plasmodium knowlesi (simian) 6 , P. 
berghei/P. yoelii (rodent) 7 and P. 
falciparum/P . vivax (human) cell free 
malarial parasites. Initial studies revealed 
that Heme oxygenase of the parasite has 
67% and 85% nucleic acid and amino acid 
sequences homology respectively with the 
heme oxygenase gene of Corynebacterium 
diphtheriae (the protozoan pathogen 
responsible for causing diphtheria). 

The pathway has been recently for the 
first time, included by Prof. Hagai Gins- 
burg in the Malaria Parasite Metabolic 
Pathways -Hemoglobin digestion and 
Ferriprotoporphyrin IX Polymerization 
(htty:// sites, hujl ac. il/malaria/redox/htmPt . 
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It has also secured its place in the 
“Innovative India” edited by Prof. L.K. 
Sharma and Seema Sharma in the chapter 
entitled, “The challenge of malaria control” 
- 2000 . 


limiting heme biosynthetic enyzmes viz. 5- 
aminolevulinic acid synthase, 5-aminole- 
vulinic acid dehydrase, ferrochelatase and 
tryptophan pyrrolase were studied in 
rodent, primate and human malaria para- 



Hemoglobin 


Parasite proteases 



Heme Denatured Globin 



Fig. 2- Heme detoxification system in malarial parasites — What is the need? 


2. Heme Biosynthesis in Plasmodia: 

A well-organised heme biosynthetic 
pathway was found to be present in the cell 
free malarial parasites. Important and rate 
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sites. Detailed study of different enzymatic 
properties show dissimilarities between the 
parasite and corresponding hepatic host 
enzymes 8 . 
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3. Heme Metabolism in Resistance 
strains of Plasmodia: 

The activities of Heme biosynthetic 
enzymes were elevated in the resistant 
strains of P. berghei and P. falciparum, thus 
responsible for the cause of increased 
hemoprotein cytochrome P-450 in some 
resistant strains, resulting in enhanced drug 
metabolism. 

Heme oxygenase, biliverdin reductase 
activites were found to be elevated in 
accordance with the degree of resistance 
experienced/acquired by the parasite, (P. 
falciparum / P. berghei / P.yoelii ) i.e. in 
case of resistant parasites (acquired or field 
isolates) the activity of the enzymes were 
higher, which can be taken as resistance 
marker. High activity of heme oxygenase 
can be the result of the enhanced 
hemoprotein formation as well as its 
breakdown in case of the resistant parasites 
and this may also contribute towards the 
acquisition of the drug resistance by the 
parasites. Enhanced heme oxygenase is 
also responsible for appreciable less heme 
content in case of the resistant parasites as 
compared to the sensitives ones. The 
alteration in the levels of the nonenzymatic 
entities as well as in the activities of the 
enzymatic entities were found to be 
dependent on the degree/ titre of resistance 
being experienced by the resistant malarial 
parasites 5 . 

4. Resistance modulators: 

Pharmacophore, which can alter the 
resistance property of the resistant malarial 
parasites, are considered as resistant 
reversal agents or resistant modulators. 
There are several mechanisms by which 
they impart their action, however, the basic 
point in all is the harnessing of the 
property, which is different in the resistant 

NATL ACAD SCI LETT, VOL. 27, NO. 1 1 & 12, 2004 


(those parasite strains, which are not 
eradicated by the therapeutic dose of the 
antimalarial drugs) and the sensitive (those 
parasite strains, which are eradicated by the 
therapeutic dose of the antimalarial drugs) 
malarial parasites. Based upon the findings 
that the resistant malarial parasites have 
enhanced activity of the enzyme heme 
oxygenase than the sensitive parasites, 
attempts were made to synthesize the 
pharmacophore which are inhibitors of 
heme oxygenase. Pharmacophores desig- 
ned as Resistant modulators synthesized by 
CDRI as well as other places were found to 
be selective inhibitors of Heme oxygenase 
of the parasites in vitro and in vivo, 
resulting in increased retention of heme and 
thus providing more opportunity for the 
therapeutic dose of chloroquine to be in the 
vicinity of the resistant parasites. Resistant 
reversal agents along with the therapeutic 
dose of chloroquine were able to' kill the 
resistant parasites, which alone either of the 
one was unable to perform, thus it is 
evident that resistant reversal agents are not 
antimalarials but they potentiate the action 
of chloroquine, by selective inhibition of 
heme oxygenase, leading to enhanced heme 
level and thus more amount of the toxic 
heme-chloroquine complex formation in 
the resistant parasites, eradicating them 
completely 10 " 13 . 

Conclusion 

Malaria globally being the top-priored 
disease has become unmanageable due to 
its resurgence by the acquisition of 
resistance against the commonly used 
antimalarials. Understanding the cause for 
the acquisition of resistance is extremely 
essential for designing the strategy to 
combat malaria. Molecular and biochemical 
studies on heme oxygenase in malarial 
parasites have added another step in the 
existing ladder to explain the mechanism 
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responsible for the acquisition of resistance 
by the parasites, as well as useful as a 
marker of resistance. The above findings 


future resistance modulators. Arresting 
of any step of the same may be a suitable 
chemotherapeutic target. 




Antagonist 
(CQR reversal 
agent) 


Fig. 3- Possible mode of action of a chloroquine resistance reversal agent. 


are of immense importance, as interference 
in the heme degradation will lead to 
accumulation of toxic heme which in 
conjunction with chloroquine become 
potential suicidal agent to the malarial 
parasites. Based on the above strategy 
compounds were designed by CDRI as 
potential, selective inhibitors of heme 
oxygenase which may result as a possible 
approach for the design of future 
resistance modulators 

Heme is an essential, integrated, 
prosthetic group of important hemoproteins 
of the biosystem. Molecular and 
biochemical studies on plasmodial heme 
oxygenase explain the mechanism for the 
acquisition of resistance, as well as its 
usefulness as resistance marker besides 
providing approach for the design of 
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Abstract 

Allophycocyanin (APC) belongs to a family of 
phycobiliproteins, extracted from Anacystis 
nidulans , was examined for its binding affinity 
towards humans genomic DNA. The genomic 
DNA was isolated from human’s blood, stained 
with allophycocyanin and examined under UV 
trans-illuminator after electrophoresis. 

Allophycocyanin dye showed high affinity towards 
genomic DNA. It reacted with the human genomic 
DNA at high dilution of >2x1 0 s . The allophy- 
cocyanin was seen to have no affinity towards 
RNA and proteins (BSA, papain). The result 
suggest that APC is a valuable natural dye 
without any biohazards and may have wide 
application in diagnostic studies such as 
fluorescent microscopy, fluorescence immuno- 
assay, flow cytometry and fluorescence activated 
cell sorting and analysis. 

(Keywords: allophycocyanin/ fluorescent dye/ 
phycobiliproteins/ DNA staining) 

Allophycocyanin (APC) belongs to a 
family of phycobiliproteins that are well 
suited as a fluorescent reagent for 
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immunological analysis since they have a 
broad excitation spectrum and fluoresce 
with high quantum yield 1 . 

Phycobiliproteins are stable and highly 
soluble proteins derived from cyanobacteria 
and eukaryotic algae that possess a mono- 
disperse population of prosthetic fluoro- 
phores. This is used by some classes of 
plants to increase the efficiency of 
photosynthesis by collecting light energy at 
wavelengths over which chlorophyll 
absorbs poorly. 

Phycobiliproteins are well suited as 
fluorescent dyes since they possess many 
fluorescent groups (bilin chromophores) of 
several distinct types per protein 1 . They 
also have high quantum yields that are 
constant over a broad pH range. The 
isoelectric point of phycobiliproteins 2 
ranges from 4.7 to 5.3. The biliproteins are 
highly water-soluble and show no change 
in spectroscopic or physical properties on 
storage in aqueous solution for long periods 
of time 3 . 

Oi and coworkers introduced the phy- 
cobiliproteins as a novel class of fluo- 
rescent tags in 1982 4 . These naturally 
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occurring fluorescent macromolecules 
immediately comes wide spread use in 
many diagnostic and clinical assay, in 
histochemistry and in diverse research 
applications 5 . Therefore the objective of 
present study was to investigate the staining 
properties of allophycocyanin, extracted 
from Anacystis nidulans, for genomic 
DNA. 

1. Extraction of Genomic DNA : DNA 
was isolated by applying protocol 
developed by Bangalore Genie, Bangalore 
as described below. After isolation of 
genomic DNA its concentration was 
determined through spectrophotometer then 
it is diluted to maintain the concentration of 
1 mg/ml. 

Blood was collected in EDTA coated 
collection tube and stored at 4°C. In 1.5 ml 
test tube 300pl of blood pipette out and 
centrifuged at 5000rpm for 5 min at room 
temperature, removed the serum by 
discarding supernatant and resuspended the 
pellet in 1 ml of solution A (solution A, B 
and C were provided by Bangalore Genie 
Kit). The solution was mixed by inversion, 
lefts at room temperature till see a clear 
lysed RBC solution and centrifuged at 
5000rpm for 2 min at room temperature. 
Removed the supernatant and repeat the 
process once again, keeping the small white 
nucleated cell pellet. To the whit pellet 
600pl of solution B was added, mixed well 
at room temperature for 5 min and 
centrifuged at 1 0,000rpm. 

Supernatant was collected in fresh tube; 
0.9 ml of ethanol was added to this to 
precipitate the DNA and spin at 10,000rpm 
for 5 min. Washed the DNA twice with 
95% ethanol and finally with 75% ethanol. 
Air-dries the DNA pellet for 2 min at room 
temperature then 150-200pl of solution C 
was added and incubates at 55°C for 10 min 
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to improve solubility. Centrifuged at 
10,000rpm for 2 min to remove any 
insoluble materials and supernatant was 
collected. This DNA was used immediately 
for staining. 

2. Dilution of allophycocyanin (APC) : 

The allophycocyanin (1 mg/ml) was serially 
diluted upto 1:2,00,000 with O.OlmM 
phosphate buffer saline (PBS) solution as 
mentioned below: 


s. 

No. 

PBS 

(ml) 

APC 

(ml) 

Dilution Ratio 
of APC 

1 

9 

1 

1:10 

2 

9 

1 

1:100 

3 

9 

1 

1:1000 

4 

9 

1 

1:10000 

5 

9 

1 

1:100000 

6 

5 

5 

1:200000 


3. Staining of genomic DNA : The isolated 
DNA was analyzed by gel electrophoresis. 
The DNA was stained and detected by 
allophycocyanin dye instead of the 
generally used fluorescent dye ethidium 
bromide 6 . Along with the test sample the 
standard DNA molecular weight marker 
was run as positive control and different 
proteins like RNA, bovine serum albumin 
(BSA) and papain were also run as negative 
controls. 

For gel electrophoresis 0.8% agarose 
was used and 5 pi of genomic DNA 
(lpl/mg), 5 pi of standard DNA molecular 
weight marker (1.25pg/l) and lOpl of RNA, 
BSA and papain solution were incubated 
with 5 pi of allophycocyanin dye in an 
Eppendorf tube for 10 minutes at 25±2 °C. 
These were loaded in the wells with the 
loading dye. Electrophoresis was carried 
out at 50 volts. After electrophoresis the gel 
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was observed for the presence of DNA 
stained with the fluorescent dye, on trans- 
illuminator. x 

Results and Discussion : The binding 
capacity of allophycocyanin to the Human 
genomic DNA was determined by 
employing electrophoretic technique. The 
bands of standard DNA molecular weight 
marker were seen to fluoresce but no 
fluorescence was seen along the path of the 
other proteins such as RNA, BSA and 
papain (Fig. 1). The dye stained the 
genomic DNA even at high dilution i.e. 
2xl0 5 . It was also shown that there is no 
effect of dilution of allophycocyanin on the 
sharpness of the DNA bands if the 
concentration of DNA is constant. The 
genomic DNA could thus be stained and 
detected by the allophycocyanin. 



Fig. 1- Fluorescent staining of genomic DNA and 
different protein with APC using 0.8% agarose 
gel electrophoresis 

Lane 1, 3, 5 and 7: Genomic DNA with APC; 
Lane 2: BSA with APC; Lane 4: Papain with 
APC; Lane 6: RNA with APC 
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Allophycocyanin is not species specific 
because it can bind to different human 
genomic DNA and hence can be used as 
non-specific DNA stain. From the present 
study, it can be detected that the purified 
allophycocyanin has great affinity towards 
the human genomic DNA. The dye 
migrates very well on gel electrophoresis 
without dissociation even at 1 :200000 
dilutions. The allophycocyanin has no 
specificity for any other proteins as it can 
not stain them and thus can be suitably 
employing in genomic DNA analysis. 

The allophycocyanin is natural in origin 
and has been found to be without any toxic 
effects, unlike the conventional synthetic 
fluorochromes, it can act as a substitute for 
the generally used ethidium bromide, which 
is a carcinogenic compound 7 . Ethidium 
bromide is much cheaper than the 
allophycocyanin but due to its carcinogenic 
nature it may be substituted by natural stain 
such as allophycocyanin. 

By using APC as a marker various cell 
may be detected by adapting avidin/biotin 
as a non-conventional coupling agent. It 
can be employed in the diagnostic and in 
the prognosis of the disease such as chronic 
lymphatic leukemia. It can be applied in 
measuring the ploidy and proliferative 
activity of the tissue or cell in case of 
malignancy 8 . 

The other potential use of allophy- 
cocyanin as a marker is in the immuno- 
fluorescent techniques, as in case of 
newborn infants suffering from hemolytic 
disease and in case of autoimmune hemo- 
lytic anemia or blood transfusion reaction 
due to blood group incompatibility. It can 
be detected by coating of antibody 
molecule on red cell in v/vo 8 . 

It may be concluded from present study 
that allophycocyanin is a valuable natural 
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dye without any biohazards and may have 
wide application in diagnostic studies. 
Phycobiliproteins like phycocyanin and 
phycoerythrin has been extensively used in 
diagnostic studies 4 ’ 9,10 , so similarly the dye, 
allophycocyanin was investigated for its 
potential use in the immunodiagnosis. From 
the present study, it can be deducted that 
purified allophycocyanin has great affinity 
towards genomic DNA. Phycobiliproteins 
can be utilized as valuable fluorescent 
probes for analysis of cells and molecule 8 . 
It can be applied to DNA staining, 
fluorescence microscopy, fluorescence 
immunoassay, flow cytometry and fluor- 
escence activated cell sorting and analysis. 
However the wide use of allophycocyanin 
may be limited by availability of raw 
materials i.e. blue green algae and high cost 
of purified allophycocyanin. 
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Abstract 


C-band patterns and karyology are described for 
three Old World Rhinopetalum species. All species 
have a similar basic karyotype (n=12), consisting 
of large symmetric (m, sm) and smaller 
asymmetric (t, st) chromosomes, but C-bands 
differ between them. The bands are rather few, 
located at intercalary, telomeric, centromeric and 
rarely secondary constriction regions. The genus 
Rhinopetalum, is comparatively richer in 
heterochromatin. The patterns are characterized 
by the occurrence of thick telomeric/subtelomeric 
heteromorphic bands in the second pair of m- 
chromosomes. Presence of a distinct centromeric 
band in the short arms of these m-chromosomes in 
Rh. bucharicum discriminate it from the two allied 
species. A certain level of banding heteromorphy 
was observed mostly in term of bands size. It is 
obvious from this study that diversity exists 
between individual species studied both in the 
dispersion and quantity of detectable 
heterochromatin and chromosome morphology. 
Further aspects of banding patterns, band 
heteromorphy, chromocenters, equilocal position 
of bands and the role of C-banding in taxonomy 
are discussed. 

(Keywords : Rhinopetalum/LiliaceaeAtaryotypt/ 
Giemsa C-banding/heterochromatin/Iran) 

Introduction : The development of 
Giemsa C-banding in plants 1 has introduced 
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a new era in plant chromosome 
identification. With the aid of C-banding 
procedures, more detailed karyotypes have 
been produced for several plant species 2 ' 12 . 
Giemsa C-banding often facilitates both 
identification of individual chromosomes 
and the recognition of specific rearrange- 
ments. Moreover, C-banded karyotypes can 
lead to species identification or at least the 
assignment of a particular specimen to a 
group of species with similar banding 
patterns. By examining the inter and intra 
specific variation in heterochromatin 
content, some insights may be gained into 
the species relationships within and 
between plant genera 10 . 

The genus Fritillaria s. lat. includes c. 
100 species growing in temperate regions 
of the northern hemisphere of the globe 13 , 
with the exception of eastern North 
America. Baker 14 in his review of the 
genus, disposed the species in ten sub- 
genera, of which three, Rhinopetalum, 
Korolkowia and Notholirion, are now 
mostly accepted as distinct genera under 
the same name 15,16 . According to Losina- 
Losinskaya 15 , the genus Rhinopetalum 
contains five species, Rhinopetalum 
gibbosum (Boiss.) Losinsk. & Vved., Rh. 
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karelinii Fisch. ex D. Don, Rh. arianum 
Losinsk. & Wed., Rh. bucharicum (Regel) 
Losinsk., and Rh. stenantherum Regel, 
three of which are studied here. 

There is a high degree of uniformity in 
chromosome morphology. The karyotype 
of the genus group is bimodal, always 
consisting of large, ± symmetric (m, sm), 
and smaller asymmetric (st, t) chromosome 
pairs. Further, the close morphological 
similarity of the asymmetric chromosome 
pairs usually prohibits the identification of 
homologous pairs. In this genus, the basic 
chromosome number is x=12, as in related 
genera of Liliaceae, such as Tulipa l0 ' n,u 
and Lilium 12 . 

The constitutive heterochromatin in 
chromosomes of some species of Rhino- 
petalum has also been examined by Giemsa 
C-banding techniques 9 , but so far detailed 
C-band patterns and karyomorphological 
studies on a large number of populations 
have never been made. 

The aim of the present investigation is 
to give a general overview of the variation 
of C-banding patterns between and among 
species with the aid of the Giemsa C- 
banding method, and to provide data useful 
for phylogenetic and cytotaxonomic works. . 

Materials and Methods : The specimens 
for this study were collected by the author 
from different localities which span parts of 
the distribution areas of the genus Rhino- 
petalum in Iran (Table 1), except Rh. 
bucharicum which was received from other 
sources. The bulbs collected were 
cultivated under uniform conditions in 
Goteborg Botanical Garden, Sweden, in 
clay pots sunk in indoor beds, in order to 
check the morphological characters and 
also for root tips preparations for 
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chromosomal studies. Vouchers are deposi- 
ted in the Herbarium of the Goteborg 
University (GB). Each population in the 
following is assigned a collection number 
preceded by the abbreviation GBK which 
stands for the author's name. For 
chromosome studies, I used root tip 
meristem. The roots were pretreated with a 
mixture of 0.2% colchicine and 0.002 M 8- 
hydroxyquinoline (1 vol. each) for 2-3 
hours at room temperature, fixed in Carnoy 
fixative (ethanol/acetic acid 3:1) for 24 
hours, transferred to 70% alcohol and 
stored in -20° C until used. Fixed material 
was washed in distilled water and 
hydrolysed in 1 M HCL for 15 min. at 
room temperature. After another rinse, they 
were softened in a mixture of 10-20% 
pectinase (Sigma, from Aspergillus niger, 
dissolved in 40% glycerol) and 1% 
cellulase (Calbiochem) (1 vol. each) at 37° 
C for 1 hour (for acetic orcein staining, 
only 5% powdered pectinase for 2-3 hours 
at room temperature was used). 

The meristematic tip of the roots was 
separated and squashed in 45% acetic acid 
on a clean glass slide. Coverslips were 
removed after freezing in liquid nitrogen 
and slides immersed in 95% ethanol, dried 
in compressed air and stored in an 
exsiccator for a week. Dried slides were 
treated in freshly prepared 5% hot Barium 
hydroxide [Ba(OH)2] at 50-52° C for 7 
min., washed in running tap water for 1 
hour and immersed in 2 x SSC (pH=7.0) at 
60° C for 60 min. After a rinse in 
Sorensen's phosphate buffer (pH 6.81), 
cells were stained in 1.5% Giemsa 
(buffered to pH 6.81) for 5-8 min., rinsed, 
dried, and permanented in D.P.X mountant. 
Differences in concentration of the 
Ba(OH )2 solution and treatment time turned 
out to influence the later staining quality 
and also slightly the number of bands 
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revealed. Also the time of staining in the 
Giemsa bath was critical. The preparations 
were observed with a Carl Zeiss photo- 
microscope. The best meta-phasic plates 
were drawn by using a Camera Lucida, and 
photographed by an Olympus microscope 
using an Agfa-Ortho film (15 Din/25 Asa). 

Karyograms were prepared from draw- 
ings of metaphase chromosomes. Gene- 
rally, the following features were used to 
characterise the karyotypes, based on the 
recommendations of Bentzer et al 4 : pair 
(figure indicating the pairs of homologous 
chromosomes in decreasing order of the 
length), type, i.e. kind of chromosome, 
according to centromere position and arms 
ratio, real and relative length of the 
individual chromosomes, short (S) and long 
(L) arms of the chromosomes and r-index 
(L:S 18 ). With regard to SAT-chromosomes, 
care was taken in recording the satellites as 
they may often be very variable in 
appearance 19 , simply due to the cell 's 
physiological stages, chromatin condensa- 
tion or even from the method of squashing. 
Different degrees of contraction of 
chromosomes may cause slight differences 
in relative length and band position. In the 
idiograms, constructed as the mean of 10 
measured metaphase plates per population, 
each chromosome is given with the 
maximal number of C-bands observed. All 
measurements and percentage values given 
in the tables are mean values from 1 0 plates 
from a representative population. 

20 

Results and Discussion : Holmquist , 
Vosa 21 and Sumner 22 assumed that C- 
banding involves differential DNA extrac- 
tion and linear differentiation from the 
fixed material. This is achieved by the 
following three sequential treatments all of 


which are essential: acid treatment (e.g. 1 N 
HCL) depurinates DNA, whereas a mild 
base causes DNA denaturation, and hot salt 
(e.g. 2 x SSC at 60° C) induces chain 
breakage and preferential solubilization of 
fragmented DNA from euchromatin. The 
pectinase plus cellulase treatment which I 
have applied prior to the essential three 
stages (acid, mild base, hot salt) resulted in 
much sharper and more persistent banding. 
With the methods previously 9 ’ 22 used for 
Fritillaria s. lat., my material did not 
respond with staining of bands. Of 21 
modifications tried, the present method 
gave the best results, although it does not 
reveal as many bands as that of La Cour 9 . 
We should keep it in mind that Giemsa C- 
banding method is a very sensitive method 
and that results obviously differ from 
chemical to chemical, from material to 
material, and laboratory to laboratory. 
Clearly, the chromosomes of different 
species may have an entirely characteristic 
chemical architecture, but differences in 
band numbers for the same material from 
one laboratory to another is also to be 
suspected. 

The somatic chromosome number was 
2n=2x=24 for all material investigated. All 
populations studied were found to have C- 
bands in their chromosome complements, 
some more than the others. The size of the 
C-bands varies from dot-like or small (thin 
and pale) to relatively large. They occur 
within intercalary, telomeric, centromeric 
and secondary constriction regions, of 
which the latter location is less common. It 
is clear from this study that differences 
exist between the species studied in the 
distribution and amount of detectable 
heterochromatin their chromosomes carry 
(Figs 1-4). Details of the ^karyotypes are 
summarised in Tables 2-8. 
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Table 1- Localities of the populations studied of Rhinopetalum. 


Pop. no. Species 

Locality 


VACRATOT s.n. 

Rh. bucharicum 

Tadjikistan: Hissar mountains, 1400 m. 

GBK 1 

Rh. gibbosum 

Tehran: Park-e Chitgar, clay loam, associated with Allium , Fraxinus and Pinus 
(park trees), 1450 m. 

GBK2 


Tehran: Lavasanat, Afjah, Naroon mountain (central Elborz), rocky slopes, 
among grasses, 1800-2200 m. 

GBK 3 


Tehran: Karaj, Mardabad, very frequent in gypsum soils (saline situation), 
usually among Alhagi, Haloxylon Tribulus , Euphorbia , and Lactuca , 1350 m. 

GBK 4 


Khorasan: Bojnord to Gorgan, Rabatcharbil village, steppic areas mainly covered 
by Artemisia, 1100-1300 m. 

GBK 17 


Mazendaran: Gorgan, Golestan forest, near the road, among Populus and shrubs, 
1600 m. 

GBK 32 


Tehran: Qom to Arak, steppic areas, among xerophytes and halophytes, 1400 m. 

GBK 43 


Khorasan: Torbat-e Haydariyeh to Mashhad, steppic areas, among Artemisia, 
Lactuca, Peganum harmala, Alhagi, Tribulus, Haloxylon, Atriplex and short 
grasses, 1700 m. 

GBK 45 


Khorasan: Kashmar to Sabzevar, steppic places, among halophytes and 
xerophytes, 1800 m. 

GBK 46 


Khorasan: Nishabour, Akhlamad, Abshar valley, rocky slopes, 1700 m. 

GBK 42 

Rh. arianum 

Khorasan: Torbat-e Jam, Hari Rud (close to the border of Afghanistan), desert 
and sandy places, 1700 m. 


Table 2- Karyotype of Rh. bucharicum (Tadjikistan: Hissar mtns.). Karyotype formula: 2n=2x=24= 4m + I4st + 6t. 


Pair 

L + S (pm) 

L (pm) 

S (pm) 

L+S% 

L% 

S% 


Type 

i 

22.1 ■ 

12.9 

9.2 

11.82 

6.90 

4.92 

1.40 

m 

2 

19.2 

12.2 

6.1 

10.70 

6.75 

3.95 

1.70 

m 

3 

17.5 

15.6 

1.1 

9.38 

8.32 

1.06 

7.85 

t 

4 

16.5 

14.5 

1.1 

8.84 

7.80 

1.04 

7.5 

t 

5 

15.7 

13.0 

2.7 

8.41 

6.97 

1.44 

4.84 

St 

6 

15.5 

12.9 

2.6 

8.27 

6.88 

1.39 

4.95 

St 

7 

14.5 

11.1 

2.6 

7.79 

6.40 

1.39 

4.60 

st 

8 

14.2 

13.0 

1.1 

7.58 

6.97 

0.61 

11.42 

t 

9 

13.6 

10.1 

2.6 

6.84 

5.87 

0.97 

6.05 

st 

10 

12.1 

11.2 

1.7 

6.95 

6.01 

0.94 

6.40 

St 

11 

12.6 

10.9 

1.7 

6.75 

5.84 

0.91 

6.41 

St 

12 

12.5 

10.4 

2.1 

6.67 

5.55 

1.12 

4.95 

st 
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Table 3- Karyotype of Rh. gibbosum (GBK 3). Karyotype formula: 2n=2x=24=4m + lOst + lOt. 


Pair 

L + S (pm) 

L(nm) 

S (pm) 

L+S% 

L% 

S% 

L:S 

Type 

1 

20.5 

12.3 

8.2 

11.35 

6.81 

4.54 

1.50 

m 

2 

18.7 

11.0 

7.7 

10.35 

5.65 

4.70 

1.20 

m 

3 

16.4 

14.5 

1.8 

9.18 

8.10 

1.08 

7.50 

t 

4 

16.3 

13.4 

2.9 

8.90 

7.20 

1.70 

4.24 

St 

5 

15.6 

13.2 

2.5 

8.67 

7.30 

1.37 

5.33 

St 

6 

14.8 

12.8 

1.9 

8.20 

7.12 

1.08 

6.60 

St 

7 

14.7 

12.9 

1.7 

8.11 

7.16 

0.95 

7.53 

t 

8 

13.9 

12.3 

1.6 

7.69 

6.79 

0.90 

7.51 

t 

9 

13.6 

11.7 

1.8 

7.46 

6.47 

0.99 

6.53 

St 

10 

12.7 

11.4 

1.4 

7.04 

6.30 

0.74 

8.51 

t 

11 

11.9 

10.3 

1.6 

6.58 

5.72 

0.86 

6.65 

St 

12 

11.7 

10.3 

1.4 

6.47 

5.70 

0.77 

7.40 

t 


Table 4- Karyotype of Rh. arianum (GBK 42). Karyotype formula: 2n= =: 2x=24= : 2m + 2sm + 16st + 4t. 


Pair 

L + S (pm) 

L (pm) 

S(pm) 

L+S% 

L% 

S% 

L:S 

Type 

1 

17.7 

11.1 

6.7 

11.25 

7.03 

4.22 

1.66 

m 

2 

16.1 

10.4 

5.7 

10.22 

6.60 

3.62 

1.82 

sm 

3 

14.9 

12.5 

2.3 

9.43 

7.95 

1.48 

5.37 

St 

4 

14.0 

11.1 

2.0 

8.90 

7.58 

1.32 

5.74 

St 

5 

13.8 

11.9 

1.8 

8.74 

7.58 

1.16 

6.53 

St 

6 

13.2 

11.7 

1.6 

8.41 

7.42 

0.99 

7.50 

t 

7 

12.5 

10.7 

1.8 

7.80 

6.77 

1.03 

6.57 

St 

8 

11.1 

10.3 

1.6 

7.78 

6.55 

1.23 

5.32 

St 

9 

11.7 

10.4 

1.3 

7.41 

6.62 

0.79 

8.38 

t 

10 

11.4 

9.9 

1.6 

7.25 

6.26 

0.99 

6.32 

St 

11 

10.7 

9.2 

1.5 

6.77 

5.82 

0.95 

6.12 

St 

12 

9.7 

8.3 

1.4 

6.04 

5.22 

0.82 

6.36 

St 
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Table 5- Summary of karyotype characters of the material studied. 

Species 

2n 

Range of chromosome length (pm) 

Total haploid karyotype 





length (pm) 


Rh. bucharicum 

24 

12.5-22.1 

186.8 


Rh. gibbosum 

24 

11.7-20.5 

180.6 


Rh . arianum 

24 

9.7-17.7 

157.7 ’ 



Table 6- Frequency and distribution of C-bands and heteromorphic bands in the chromosomes of all material studied of 
Fritillaria and Rhinopetalum. 


Numerator: number of positions with heteromorphic bands; denominator: total number of positions with bands. 

Note: dot-like and thin pale bands (presented by double dots and broken lines in idiograms) are not considered in 
this table. 


Species 

Band position 





Chromosome no. 







1 

2 

3 

4 

5 6 

7 

8 

9 

10 

11 

12 

Rh. bucharicum 

Intercalary 

0/2 

0/3 

0/1 

0/2 

0/0 0/3 

0/4 

0/0 

0/3 

0/1 

0/2 

0/1 


Centromeric 

0/0 

0/1 

0/0 

0/1 

0/0 0/1 

0/0 

0/0 

0/1 

0/0 

0/0 

0/0 


Telomeric & subtelomeric 

0/0 

1/1 

0/0 

0/1 

0/1 0/0 

0/0 

0/1 

0/0 

0/1 

0/0 

0/0 


Sec. constriction 
(intercalary) 

0/0 

0/0 

0/0 

0/0 

0/0 0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

Rh. gibbosum 

Intercalary 

1/6 

1/4 

1/4 

1/1 

0/4 0/2 

2/4 

0/1 

0/3 

1/3 

0/3 

0/3 


Centromeric 

0/0 

0/0 

0/0 

0/1 

0/0 0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 


Telomeric & subtelomeric 

0/0 

1/1 

0/0 

0/0 

1/2 0/1 

0/1 

0/1 

0/0 

0/1 

0/0 

0/0 


Sec. constriction 
(intercalaiy) 

0/0 

0/0 

0/0 

0/0 

0/0 0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

Rh. arianum 

Intercalary 

1/6 

1/4 

0/1 

0/3 

0/5 0/3 

0/1 

0/1 

0/2 

0/3 

0/3 

0/1 


Centromeric 

0/0 

0/0 

0/1 

0/0 

0/0 0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 


Telomeric 

0/0 

1/1 

0/0 

0/0 

0/1 0/1 

0/1 

0/1 

0/0 

0/0 

0/0 

0/0 


Sec. constriction 

0/0 

0/0 

0/0 

0/0 

0/0 0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 
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Fig. 1- Giemsa C-banded mitotic metaphase of Rh. bucharicum (2n=24). Arrows: heteromorphy in SAT-metacentric 
chromosomes. Triangles: centromeric band in the short arms of the second pair of metacentric chromosomes. 
Population from Tadjikistan: Hissar mountains, a showing equilocal position of C-bands in both chromatids of 
each chromosome. Scale bar: 10 |.im. 




Kg. 2- Giemsa C-banded mitotic metaphase of Rh. gibbosum (2n=24). Heteromorphy in width of telomeric bands in the 
short arms of the second pair of m-chromosomes (arrows), a population GBK 3; b population GBK 45 (detail of 
plate). Scale bar; 10 pm. 
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Table 7- Summary of karyotype characters of the material studied. 


Species 

2n 

Range of chromosome length (pm) 

Total haploid karyotype 

length (pm) 

F. imperial is 

24 

9.4-19.8 

157.7 

F. raddeana 

24 

9.1-17.9 

150.9 

F. per sic a 

24 

8.7-17.1 

141.7 

Rh. bucharicum 

24 

12.5-22.1 

186.8 

Rh. gibbosum 

24 

11.7-20.5 

180.6 

Rh. arianum 

24 

9.7-17.7 

157.7 


Table 8- Proportion (in %) of Giemsa C-bands to chromosome length. 

Note: dot-like and thin pale bands (presented by double dots and broken lines in idiograms) are not considered in 
this calculation. 


Species 

Pop. no. 


Chromosome no. 





% of heterochromatin 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

in haploid 
complement 

F. imperialis 

GBK 5 

2.0 

3.3 

1.2 

0.0 

3.8 

0.0 

2.6 

3.3 

3.9 

6.3 

7.6 

5.5 

6.5 

F. raddeana 

GBK48 

0.0 

1.6 

10.5 

1.9 

4.4 

0.0 

4.9 

1.8 

4.5 

1.7 

o 

o 

2.6 

5.8 

F. persica 

GBK 18 

0.0 

0.0 

0.0 

5.7 

0.0 

0.0 

4.2 

7.9 

0.0 

6.4 

0.0 

0.0 

4.5 

Rh bucharicum 

VACRATOT 

1.0 

7.0 

1.6 

0.0 

4.5 

3.8 

1.9 

3.7 

4.1 

2.6 

6.2 

2.7 

5.4 

Rh gibbosum 

GBK 45 

1.1 

8.6 

1.3 

1.6 

8.8 

9.6 

12.1 

3.7 

3.6 

5.7 

o 

o 

0.0 

8.1 

Rh arianum 

GBK 42 

1.0 

7.8 

3.0 

0 

7.2 

6.9 

1.3 

3.5 

4.4 

3.6 

0.0 

0.0 

6.4 


The genus Rhinopetalum is characteri- 
sed by its deeply depressed nectaries which 
appear on the outside of the tepals as dark 
hump- or sac-like projections. These 
projections are equal in some species, 
unequal in others. In the latter case, the 
flowers are zygomorphic. It includes five 
species, three of them, Rh. bucharicum, Rh. 
gibbosum, and Rh. arianum, are karyo- 
logicaly studied here. 
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(1) Rh. bucharicum (Regel) Losins- 
kaya. Two C-banded plates are shown in 
Fig. 1 . The karyotype contains two 
metacentric, seven subtelocentric, and three 
telocentric chromosome pairs (Fig. 4a, 
Table 2 ). The characteristics of the Giemsa 
C-banding of Rh. bucharicum are the 
presence of thin pale and dot-like bands 
mainly in the long arms. Among the two m- 
chromosomes, pair no. 1 revealed an 
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intercalary band in each arm, while the 
second pair presented a heteromorphic band 
at the subtelomeric end of the short arm, a 
centromeric band in the short arm and 
intercalary bands in both arms (Fig. 1). 
There was usually one satellite on the short 
arm of this pair. Moreover, intercalary 
bands are evident in the long arms of pairs 
nos. 3-4, 6-7, 9-10 and 12, and in the short 
arms of pairs nos. 6-7 and 11. Telomeric 
bands are present on the short, arms of pairs 
nos. 5, 8 and 10. Such bands are generally 
absent in the long arms, but pair no. 4 
shows one dot-like band in the telomeric 
end of thej long arm. In addition, there are 
some centromeric bands in the short arms 
of pairs nos. 2, 4, 6 and 9. The total 
karyotype length of the haploid comple- 
ment in this species is the longest among 
Rhinopetalum species, 186.8 pm, as 
compared to 157.7 pm and 180.7 pm in Rh. 
arianum and Rh. gibbosum (Table 7). The 
presence of a centromeric band (Fig. 1, 
arrowheads) in the . second pair of m- 
chromosome distinguishes Rh. bucharicum 
from Rh. gibbosum and Rh. arianum. 

(2) Rh. gibbosum (Boiss.) Losinsk. & 
Vvedensky. A banded metaphase plate is 
presented in Fig. 2. The karyotype of this 
species comprises two metacentric, five 
subtelocentric and five telocentric 
chromosome pairs (Fig. 4b, Table 3). There 
are frequent thin pale or dot-like bands on 
the C-banded karyotype, although this is 
not a constant feature, possibly due to the 
narrowness of the bands. In m- 
chromosomes, the first pair contains dot- 
like bands in three intercalary sites, one 
thin intercalary and one intercalary 
heteromorph band in the short arm, and one 
dot-like band in the long arm. The second 
pair presents one thick heteromorphic band 
at the subtelomeric position (adjacent to a 
small satellite) and one band at an 
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intercalary situation in the short arm, and 
two dot-like and one heteromorphic band in 
an intercalary position in the long arm. A 
satellite is also present in pair no. 8. In 
addition, intercalary bands are evident in 
the short arms of pairs nos. 3, 5, 7 and 9 
and in the long arms of pairs nos. 3-12. 
Telomeric bands are present in the short 
arms of pairs nos. 5-7 and in the long arms 
of pairs nos. 5 and 1 0, a subtelomeric band 
in the short arm of pair no. 8, while a 
centromeric band is only revealed in the 
short arm of pair no. 4. Heteromorphy was 
evident in aspect of band size on pairs nos. 
1-3, 5, 7, and 10, being very distinct in pair 
no. 2. One of its homologues always shows 
a thick band at the satellite position in the 
short arm while in the other homologue the 
band is smaller and less distinct (Fig. 2, 
arrows). As opposed to Rh. bucharicum, a 
centromeric band is absent from the short 
arm of the second pair of SAT-metacentric 
chromosomes in Rh. gibbosum. The 
number and size of chromocentres in 
interphase nuclei in Rh. gibbosum varied 
according to the amount of constitutive 
heterochromatin observed in metaphase 
chromosomes. Large chromocentres may 
correlate to distinct, deeply stained and 
thick telomeric and intercalary bands, while 
the small and pale ones may be correlated 
to dot-like and thin pale intercalary bands. 

(3) Rh. arianum Losinsk. & Vveden- 
sky. A mitotic plate of this species is 
presented in Fig. 3. The karyotype consists 
of one metacentric, one submetacentric, 
eight subtelocentric and two telocentric 
chromosome pairs (Fig. 4c, Table 4). All 
chromosomes have bands either in both 
arms or in one arm. Of the m-chromo- 
somes, the first pair has five thin pale 
intercalary bands and one relatively small 
heteromorphic band. In the second pair not 
only thin bands are present but also distinct 
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Fig. 3- Giemsa C-banded mitotic metaphase of Rh. arianum (2n=24). Heteromorphy in the second pair of nv 
chromosomes (arrows). Population GBK42. Scale bar: 10 pm. 
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Fig. 4a. 
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Fig. 4b. 
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Fig. 4c. 

Fig. 4— Haploid idiograms of Rhinopetalum, showing interspecific variation in karyotype, band size and numbers, a Rh 
bucharicum, b Rh. gibbosum, c Rh. arianum Stippled areas: heteromorphic bands; dots: dot-like "bands"; broken 
lines: thin pale bands, not seen in all preparations. 
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intercalary bands in both arms and a thick 
heteromorphic band in the telomeric 
position in the short arm (Fig. 3). Among 
subtelo- to telocentric pairs, intercalary 
bands occur of the short arms of pairs nos. 
4-6 and 9 and in the long arms of pairs nos. 
3-12, but telomeric bands are revealed only 
in the short arms of pairs nos. 5-8. Absence 
of telomeric bands in the long arms of the 
complement is notable in this species. A 
centromeric band is only re sealed in the 
short arm of pair no. 3. Similar to Rh. 
gibbosum, heteromorphy is remarkable 
with respect to band size, particularly in 
pair no. 2. The telomeric heteromorphic 
band is thick and more clear in one of its 
homologues while it is much smaller and 
less distinct in the other one (Fig. 3, 
arrows). As opposed to Rh. bucharicum and 
similar to Rh. gibbosum, a centromeric 
band is absent from the second pair of m- 
chromosomes in Rh. arianum. 

The present observations show that 
three Old World species of Rhinopetalum 
present C-bands. The chromosomes of 
Rhinopetalum are among the largest found 
in the plant kingdom. Their total volume 
and length in relation to mitotic cell 
boundaries makes it difficult to find a 
suitable technique of spreading comple- 
ments into a single plane within the intact 
cell wall. Because of the uniformity of 
chromosome size and arm ratio which is a 
general feature of most Rhinopetalum, the 
grouping of chromosomes in pairs of 
presumptive homologues, and the identi- 
fication of homologous pairs in the 
different species without using C-banding 
methods was earlier usually difficult, 
except for metacentric and submetacentric 
pairs which were very easy to distinguish 
and group. The chromosome number 
determinations of 2n=24 for Rh. buchari- 
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cum is new reports for the geographic zones 
in which these plants were collected. 
However, they agree with determinations 
based on material of these taxa from other 
areas . So far, the somatic chromosome 
number of 2n=24 for Rh. ariananum and 
Rh. gibbosum is reported here for the first 
time. 

In general, the amount of constitutive 
heterochromatin is relatively low in the 
species examined (Table 8). According to 
La Cour 9 , Old World species of Rhinopeta- 
lum usually reveal less banding than those 
of New World Origin (American species). 
This is also very clear from the present 
investigation. It is interesting that the 
opposite situation applies for heterochro- 
matin revealed by Giemsa banding in 
Anemone, for in that genus much more 
heterochromatin is detectable in Old World 
species than in the New World 24 . It may be 
suggested that differences in C-band 
content will mean some kind of evolution 
between species. This evolution may 
possibly lie in the evolution of DNA with 
highly repetitive sequences of nucleotides 
which the constitutive heterochromatin 
seems most likely to contain. 

The C-banding pattern. The C-banding 
pattern is the existence of one common, and 
± similar model of banding in a group or 
groups of plants. This definition matches 
the "C-banding style" 6 ’ 12,25 . Banding 
patterns can be used to study chromosomal 
changes that have occurred between related 
species. In many cases differences in 
banding patterns between related species 
are very small, although complete identity 
is comparatively rare. More often, some 
differences can be found, even between 
closely related species. Changes in the 
amount of heterochromatin, demonstrated 
by C-banding, are quite common 22 . In the 
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present investigation C-bands were generally 
found at intercalary and telomeric 
positions. C-bands also occur in centro- 
meric regions, but only on either side of the 
centromere. C-bands at intercalary second- 
ary constrictions were not only apparent in 
chromosome pairs. 

The C-banding pattern in species of the 
genus Rhinopetalum species were generally 
characterised by some conspicuous telo- 
meric bands mainly in the short arms. The 
heteromorphic bands in the second pair of 
m-chromosomes are also remarkable. The 
many intercalary bands are often 
inconspicuous (Fig. 4a-c; Figs. 1-3). My 
observations on Rhinopetalum species are 
partly in agreement with that of La Cour 9 . 
Presence of a centromeric band in the short 
arm of the second pair of m-chromosomes 
(Fig. 1, arrowheads) in Rh. bucharicum and 
its absence in Rh. gibbosum and Rh. 
arianum distinguish these species, which 
otherwise have ± similar banding patterns. 
The proportion of heterochromatin in the 
haploid complement of Rh. bucharicum is 
5.4% but 8.1% and 6.4% for Rh. gibbosum 
and Rh. arianum (Table 6). 

Band polymorphism (heteromorphy). It 
is obvious from the present study that 
heteromorphy is common in the species 
studied. Thus, the various banding patterns 
observed may be explained by various 
rearrangements without subsequent recom- 
bination. If recombination is not evolved, 
e.g. as a consequence of inhibition of 
chiasma formation in rearranged regions, 
one would expect a number of individuals 
with the same banding pattern within a 
population. In agreement with conditions in 
other species, two types of band hetero- 
morphy in Rhinopetalum were encountered. 
Firstly, a heteromorphy occurs in size of a 
particular band. This was mostly common 
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and very distinct among the telomeric and 
subtelomeric bands (pair no. 2 in Rh. 
bucharicum, Rh. gibbosum and Rh. 
arianum). Secondly, heteromorphy may 
manifest itself in the presence or apparent 
absence of a particular band. This is 
prevalent among intercalary and centro- 
meric bands (pairs nos. 1-3, 7, 10 in Rh. 
gibbosum, and nos. 1, 2 in Rh. arianum). 
The heteromorphy for band size was by far 
the most common, particularly in m- 
chromosomes of Rhinopetalum species 
(Fig. 4a-c). Distribution of heteromorphic 
bands in the chromosomes of all material 
studied are presented in Table 6. Generally, 
heteromorphy was observed in one site in 
Rh. bucharicum, eight in Rh. gibbosum, and 
three in Rh. arianum. 

Polymorphism for C-banding patterns 

seems to be a common phenomenon in 

almost any plant material investigated. It 

therefore seems plausible that particular C- 

bands in themselves do not affect the 

immediate fitness of a plant. It is, however, 

somewhat more puzzling that chromosomes 

must be heteromorphic for non-stained 
26 

regions . 

Smith put forward the hypothesis that 
some bands and some heteromorphy could 
be produced by unequal crossing-over. A 
connection like this between distal band 
variability and distally localised chiasmata 
was suggested for species of the genus 
Anacyclus and other Anthemideae 
(Asteraceae) 6 . Polymorphism of C-bands is 
inherited in a strictly Mendelian fashion, 
and has some value in paternity testing, 
although banding techniques have been 
superseded by the much more powerful 
DNA fingerprinting methods 22 . The set of 
bands revealed by C-banding procedures 
usually consists of different forms of 
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heterochromatin, and intraspecific variation 
in C-banding heteromorphy must be largely 
due to differences of amounts and kinds of 
constitutive heterochromatin coupled with 
variation of chromosome contraction. 

Chromosome banding and taxonomy 

Several C-banding studies have attemp- 
ted to recognise ancestral genomes by 
heterochromatin markers, especially in 
allopolyploids. 

In the genus Rhinopetalum, Rh. 
gibbosum and Rh. arianum present almost 
identical banding patterns. Presence of a 
centromeric band in the short arm of the 
second pair of m-chromosomes (Fig. 1, 
arrowheads) in Rh. bucharicum distinguish 
it from these two allied species. These C- 
banding results confirm the morphological 
grouping of these species into two 
subgroups, based on e.g. nectary morpho- 
logy 16 . The first subgroup contains the 
species Rh. arianum and Rh. gibbosum with 
zygomorphic flowers and the nectary of the 
upper segment or segments larger than the 
rest and much more deeply impressed, 
produced as broad rounded spurs or horns. 
Furthermore, the nectary orifice is bordered 
by two broad, distally fringed lobes, the 
lower parts of which are densely and 
shortly hairy. The second group includes 
Rh. bucharicum and Rh. stenantherum (not 
investigated here) with actinomorphic 
flowers, nectaries all equally deep, and 
nectary orifice surrounded by two narrow 
lobes, not fringed but in their lower parts 
hairy. 

In conclusion, this investigation has 
shown that C-band patterns can be useful in 
deducing relationships between Rhinopeta- 
lum species, and that they are also useful 
for species separation. 
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Abstract 

A simple titrimetric method has been 
developed for milligram determination of 
some sulpha drugs and diuretics e.g. 
Sulphacetamide sodium, Sulphamethoxazole, 
Sulphadiazine, Sulphaguanidine, Acetazo- 
lamide, Frusemide and Spironolactone in 
pure form and in their pharmaceutical 
preparation. Aliquots containing 1-5 mg of 
the sample were allowed to react with excess 
of 3 x 10" 2 N pyridinium chlorochromate 
(PCC) in the presence of 5 N H 2 S0 4 for 
required reaction time at room temperature 
(25-30°C). After the reaction is over, the 
unconsumed reagent was back determined 
iodometrically. The values of % error, SD 
and CV prove the method to be precise and 
reproducible. 

(Keywords: Sulpha drugs/diuretics/ PCC/ 
iodometry) 

Introduction 

Sulphonamides have been used in 
the treatment of urinary-tract infections, 
gastro-intestinal infection nocardiosis 
and in some other bacterial infections. 
Diuretics are used in the treatment of 
oedema, various forms of epilepsy etc. 
Because of their great medicinal value, 
their estimation has widely been 
studied 1 ' 9 . Most of the methods involve 
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sophisticated instrumentation and com- 
plicated techniques. The nitrite titration 
method described in IP 10 also involves 
platinum electrodes, potentiometer and 
galvanometer for getting end points. 
Rigid reaction conditions are to be 
maintained for achieving accurate and 
reproducible results. As compared to 
this method we describe a simple and 
convenient method for the deter- 
mination of some sulpha drugs and 
diuretics with PCC reagent. 

Materials and Method 

Pyridinium chlorochromate (PCC) 
solution (3x1 O' 2 N) 

The reagent was synthesised in 
laboratory 11 and purity checked. 540 
mg of PCC was dissolved first in 150 
ml glacial acetic acid (Merck) and then 
made up to the volume with distilled 
water in 250 ml volumetric flask. The 
solution was standardised iodometri- 
cally. Aqueous solutions of sodium 
thiosulphate (0.01 N, Merck), Potassium 
dichromate (0.01 N, Qualigens), 
Potassium iodide (10%, Baker), Starch 
(10%, Merck) were also prepared. 

Sample solution (1 mg/ml) : Accu- 
rately weighed lOOmg of the pure 
Sulphacetamide sodium and Aceta- 
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zolamide were dissolved in distilled 
water in a 100 ml volumetric flask. 
Sulphamethoxazole, Sulphadiazine, 
Sulphaguanidine and Spironolactone 
were first dissolved in minimum 
amount of ethyl alcohol while fruse- 
mide was dissolved in minimum 
amount of acetone and then diluted to 
100 ml with distilled water. 

Tablet : Twenty tablets of a parti- 
cular sample were crushed to a fine 
powder and the powder equivalent to 
100 mg of the sample was taken in 100 
ml volumetric flask and dissolved 
accordingly. 

Drops : Amounts equivalent to 100 
mg of the pure sample were taken and 
dissolved, in distilled water, in a 100 
ml volumetric flask. 

Procedure : An aliquot containing 
1-5 mg of the samples was taken in 100 
ml stoppered conical flask followed by 
the addition of 5 ml of PCC reagent and 
10 ml of 5 N sulphuric acid. The 
reaction mixture was shaken thoroughly 
and allowed to react at room temp. (25- 
30° C) for prescribed reaction time. 
After the reaction is over, 5 ml of 1 0% 
potassium iodide was added to it and 
titrated against standardised sodium 
thiosulphate solution (0.01 N) to starch 
end point. A blank experiment was also 
run under dentical conditions using all 
the reagents except the sample. The 
amount of the sample was calculated by 
the following expression. On the basis 
of percentage error the value of SD and 
CV were also calculated (Table 1) 

... , MxN(B-S) 

mg of the sample = - - 

n 

where, m is mol. wt. of the sample, N is 
Normality of sodium thiosulphate 
solution, B is volume of sodium 
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thiosulphate solution for blank, 5 is 
volume of sodium thiosulphate solution 
for sample, n is number of moles of 
PCC consumed per mole of the sample. 

Results and Discussion 

The reaction conditions were esta- 
blished after studying the effect of 
variables such as reaction time, 
concentration and amount of PCC 
reagent and sulphuric acid and reaction 
temperature. Variation in reaction time 
was found to influence the reaction. 
The determination of Sulphacetamide 
sodium, Sulphamethoxazole, Sulpha- 
diazine and Sulphaguanidine was 
completed in 5 min. reaction time. 
Acetazolamide, Frusemide and Spiro- 
nolactone need 60 min. reaction time. 
A much more reaction time does not 
improve the results. The percentage 
recovery was very low at a lesser 
reaction time due to incomplete 
reaction. It was also established that- the 
prescribed concentration of the reagent 
(3x10' 2 N) was suitable for accurate 
results. Similarly the effect of concen- 
tration of sulphuric acid was also 
studied. It was found that the 
recommended concentration of both the 
reagents is suitable for the reaction. 
While studying the effect of tempe- 
rature, it was observed that the reaction 
is completed at room temperature (25- 
30°C). On heating the reaction mixture 
directly on flame or on water bath, 
inaccurate results are obtained, perhaps 
because of the decomposition of the 
regent. On the basis of the results 
(Table 1) it is established that the 
suggested method is reproducible and 
precise. It can easily be adopted in a 
pharmaceutical laboratory. 
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Table 1— Determination of some Sulpha drugs and diuretics in the pure form and in their pharmaceutical preparations 
with (3 x 10' 2 N) PCC reagent. 


SI. 

No. 

Sample 

Aliquots 

taken 

(ml) 

Amount 

present 

(mg) 

Reaction 

time 

(min) 

Mole- 

cularity 

Amount 
obtained by 
calculation* 
(mg) 

Error 

(%) 

SD 

(mg) 

CV 

(%) 

1 . 

Sulphacetamide 

1 

0.999 



0.989 

-0.99 

0.0028 

0.2831 


sodium (pure) 

3 

2.997 

5 

3 

2.976 

-0.74 

0.0028 

0.0941 



• 5 

4.995 



4.972 

-0.49 

0.0030 

0.0603 

(a). 

Opthosulf (D) 

1 

0.963 



0.953 

-1.00 

0.0020 

0.2099 



3 

2.889 

5 

3 

2.867 

-0.75 

0.0022 

0.0767 



5 

4.815 



4.791 

-0.50 

0.0026 

0.0543 

(b). 

Locula (D) 

1 

0.968 



0.958 

-1.02 

0.0028 

0.2923 



3 

2.904 

5 

3 

2.882 

-0.75 

0.0017 

0.0590 



5 

4.840 



4.818 

-0.46 

0.0030 

0.0623 

(c) 

Albucid (D) 

1 

0.961 



0.951 

-1.00 

0.0022 

0.2313 



3 

2.883 

5 

3 

2.862 

-0.74 

0.0026 

0.0908 



5 

4.805 



4.782 

-0.48 

0.0032 

0.0669 

(d) 

Opthocid (D) 

1 

0.966 



0.957 

-0.96 

0.0030 

0.3135 



3 

2.898 

5 

3 

2.877 

-0.73 

0.0033 

0.1147 



5 

4.830 



4.805 

-0.52 

0.0018 

0.0375 

2. 

Sulphamethoxaz 

1 

0.997 



0.988 

-0.95 

0.0017 

0.1721 


ole (pure) 

3 

2.991 

5 

3 

2.969 

-0.75 

0.0023 

0.0775 



5 

4.985 



4.958 

-0.54 

0.0028 

0.0565 

(a) 

Oriprim (T) 

1 

0.960 



0.950 

-1.04 

0.0029 

0.3053 



3 

2.880 

5 

3 

2.855 

-0.82 

0.0020 

0.0701 



5 

4.800 



4.770 

-0.59 

0.0024 

0.0503 

(b) 

Antrima (T) 

1 

0.952 



0.944 

-0.89 

0.0015 

0.1589 



3 

2.856 

5 

3 

2.837 

-0.71 

0.0017 

0.0599 



5 

4.760 



4.737 

-0.53 

0.003 

0.0633 

(c) 

Sepmax 

1 

0.956 



0.946 

-1.02 

0.0026 

0.2748 



3 

2.868 

5 

3 

2.846 

-0.77 

0.0030 

0.1054 



5 

4.780 



4.756 

-0.51 

0.0028 

0.0589 

(d) 

Ciplin (T) 

1 

0.958 



0.948 

-1.01 

0.0035 

0.3692 



3 

2.874 

'5 

3 

2.852 

-0.75 

0.0028 

0.0982 



5 

4.789 



4.766 

-0.48 

0.0030 

0.0629 


Table 1 Contd.. 
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Table I Contd... 


SI. 

No. 

Sample 

Aliquots 

taken 

(ml) 

Amount 

present 

(mg) 

Reaction 

time 

(min) 

Mole- 

cularity 

Amount 
obtained by 
calculation* 
(mg) 

Error 

(%) 

SD 

(mg) 

CV 

(%) 

3. 

Sulphadiazine 

1 

0.995 



0.985 

-1.01 

0.0022 

0.2234 


(pure) 

3 

2.985 

5 

3 

2.962 

-0.78 

0.0017 

0.0574 



5 

4.975 



4.949 

-0.53 

0.0020 

0.0404 

(a) 

Sulphadiazine 

1 

0.984 



0.975 

-0.94 

0.0014 

0.1436 


(T) 

3 

2.953 

5 

3 

2.931 

-0.76 

0.0015 

0.0512 



5 

4.921 



4.892 

-0.59 

0.0022 

0.0450 

4. 

Sulphaguanidine 

1 

0.996 



0.987 

-0.93 

0.0021 

0.2128 


(pure) 


2.988 

5 

3 

2.967 

-0.71 

0.0018 

0.0607 



5 

4.980 



4.955 

-0.50 

0.0035 

0.0706 

(a) 

Sulphaguanidine 

1 

0.988 



0.978 

-1.05 

0.0033 

0.3374 


(T) 

3 

2.964 

5 


2.941 

-0.78 

0.0025 

0.0850 



5 

4.941 



4.917 

-0.49 

0.0031 

0.0630 

5. 

Acetazolamide 

1 

0.991 



0.981 

-1.03 

0.0014 

0.1427 


(pure) 

3 

2.973 

60 

1 

2.951 

-0.75 

0.0011 

0.0373 



5 

4.955 



4.932 

-0.47 

0.0011 

0.0223 

(a) 

Amide (D) 

1 

0.964 



0.954 

-1.05 

0.0024 

0.2516 



3 

2.892 

60 

1 

2.869 

-0.80 

0.0015 

0.0523 



5 

4.820 



4.793 

-0.55 

0.0030 

0.0626 

(b) 

Diamox(T) 

1 

0.970 



0.961 

-0.90 

0.0035 

0.3642 



3 

2.910 

60 

1 

2.889 

-0.73 

0.0030 

0.1038 



5 

4.850 



4.822 

-0.57 

0.0024 

0.0498 

6 

Frusemide 

1 

0.993 



0.983 

-1.04 

0.0022 

0.2238 


(pure) 

3 

2.979 

60 

2 

2.957 

-0.75 

0.0021 

0.0710 



5 

4.965 



4.943 

-0.45 

0.0025 

0.0506 

(a) 

Lasix (T) 

1 

0.988 



0.979 

-0.90 

0.0012 

0.1226 



3 

2.964 

60 

2 

2.942 

-0.73 

0.0015 

0.0510 



5 

4.941 



4.913 

-0.56 

0.0017 

0.0346 

7. 

Spironolactone 

1 

0.992 



0.982 

-1.05 

0.0020 

0.2037 


(pure) 

3 

2.976 

60 

2 

2.951 

-0.83 

0.0023 

0.0779 



5 

4.960 



4.931 

-0.58 

0.0028 

0.0568 

(a) 

Aldactone (T) 

1 

0.984 



0.974 

-1.01 

0.0015 

0.1540 



3 

2.953 

60 

2 

2.930 

-0.77 

0.0025 

0.0853 



5 

4.921 



4.895 

-0.52 

0.0030 

0.0715 


D- Drop, T=Tablet, * = Average of nine determinations 
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The number of moles of the PCC 
consumed for the sample depends upon 
the structure of the compounds. On the 
basis of molecularity and available 
literature a possible course of reaction 
may be suggested for each compound. 
All the sulpha drugs under study 
contain amino group, which is easily 
oxidised to -NO2 group 4 . Thus all the 
sulpha drugs get oxidised to 
corresponding nitro derivative. Taking 
Sulphacetamide sodium as an example, 
it can be represented in the following 
way. 



(Sulphamethoxazole) 


R 



(Sulphadiazine) 


R 


= — C ,NH 2 

II 

NH 


(Sulphaguanidine) 


H 2 N- 



/ \ 


Na 

I 3 [PCC] 

SO2NCOCH3 « 

3 [O] 


SULPHACETAMIDE SODIUM 




Na 


-0 2 N — / \ — SO 2 NCOCH 3 + H 2 0 


A general reaction for all other 
sulphonamides may be given as below. 


H 2 N 



S0 2 NHR 


3 [PCC] 
3 [O] 



S0 2 NHR 


In case of diuretics the structure of 
the compounds is complicated and 
needs a reaction time of 60 min. for 
constant results. In Acetazolamide, 
since the sulphur atom is present in the 
ring, it is not easily oxidised. Keeping 
in view the structure of the compound 
and the molecularity of PCC reagent 
following reaction may be proposed. 

h 2 no 2 Sy s y ' NHCOCH3 [PCC] 

N N [O] 


ACETAZOLAMIDE 


H 2 N0 2 S 


N- 


O 

t 

s^^nhcoch 3 

ii 


-N 


The other compounds which were 
studied are Frusemide and Spironolac- 
tone. Both of them consume two moles 
of PCC reagent and they may also get 
converted to corresponding oxidised 
products. 
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Abstract 

In medical sciences, chronical diseases and 
pathological states require long term doses of 
tablets, pills, capsules or ointments, creams, 
aerosols and injectables. These drugs release 
promptly but with significant fluctuations within 
various regions of the body. In this communica- 
tion, we present a simple model for an alternative 
method of drug release through erodible 
polymeric/ ceramic implants of desired geometry 
which can release the drug at a pre-assigned rate 
assuring effectiveness at lower end and 
minimizing adverse effect at the higher end. Such 
implants need not be removed after drug supply 
to the site by operating again because the implants 
are erodible. The model presents a control 
problem for design parameters for a pre-assigned 
drug release rate. The effects of various geometric 
and design parameters have been discussed. 

(Keywords: Mathematical Model/ biodegradable 
implants/ solute drug) 

Introduction 

Mathematical and computer modelling 
play an important role in improving and 
optimizing the performance characteristics 
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of an idealized system for self regulating 
release of therapeutic drugs in specific 
regions in the body. The diffusional release 
of drugs from an erodible implanted matrix 
with initial drug loading cq > c s (the 
solubility limit) releases the drug at the rate 

of (c s - co) — , where — is the velocity of 
dt dt . 

the moving diffusion front. The inward 
motion of the diffusion front separates the 
reservoir of unextracted solute from 
partially extracted region. After releasing 
drug the polymer also erodes and thus 
maintains zero concentration at the moving 
erosion front x = s(t). Thus, both the mov- 
ing surfaces (diffusion and erosion fronts) 
constitute moving boundary problem. Mov- 
ing boundary problems have been applied 
in several practical situations: heat transfer 
involving melting phase transition 1 , diffu- 
sion controlled growth of particles 2 and 
diffusion release 3 . Very few moving bound- 
ary problems related to the diffusional 
release of dispersed solute from polymer 
matrices are found in literature 4,5,6 . In a 
series of papers, Cohen and Emeux * ’ have 
developed controlled release models as free 
boundary problems in pharmaceuticals 10 
under swelling controlled release and per- 
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feet sink condition. For variety of medical 
applications such as in regulating the depth 
of anesthesia, blood pressure control, 
optimal cancer therapy, cardiac arrest 
devices and insulin delivery in diabetic 
patients, the controlled drug release models 
can be developed. A controlled implanted 
drug delivery system may be designed to 
release drugs at a near constant or other 
pre-assigned therapeutic dose time rate into 
the surrounding tissues and eventually into 
the blood stream where it may be convected 
to the target site(s). Thus, effective dosage 
levels can be maintained in the blood and 
the frequency of drug is reduced for the 
patient's convenience. The desired proper- 
ties to be achieved depend with the device 
design parameters and not on the 

physiology. Higuchi 4 obtained approximate 
solution based on pseudo-steady state 

assumptions which is not applicable to 
lower solute limiting concentrations. 

Integral method has been applied to the 

moving boundary problems encountered in 
the diffusional release of a solute from 
polymeric matrix by Lee 5 . In the present 
communication, we present a preliminary 
development of an analytical model for 
controlled release of drug from within 
monolithic eroding matrix. We formulate a 
simple analysis to observe the effects of 
geometry on release rate for various shapes 
of the devices such as slab of finite 
thickness and compare with the results 
available. 


sional mass flux across the diffusion front 
is given by 


D 


dc 

dx 


, v du 
x=u(t) — \ c s ~ Co )~r 
at 


(i) 


where D is the diffusion coefficient assumed 
to be a constant. Introducing the following 
non-dimensional quantities: 


1 ■> » 


So 


S = - 


S 0 


X = — , U = ~, C = — , 

5*0 Sq C s 

Co =— , and M= M 


c 0 s 0 


the equation (1) now transforms to 


dU_ = a 
dT ~(C/-l) + pr’ 


( 2 ) 


where a = 


Cq — s s 


and p 


Bs o 

D 



Fig. Released profile of a dispersed solute from an 
polymer matrix 


Mathematical Model 


The corresponding equation for the erosion 


Fig. 1 represents the geometrical coun- 
terpart of the situation. At any time t, the 
u(t) and s(t) denote moving diffusion and 
loading to the slab of thickness so at t = 0, 
C s is the limiting solubility concentration of 
the drug at the diffusion front. One dimen- 


S(T) = 1 - p T (3) 

Again, using a simple transformatin of 
variables: 

F = ([/- 1) + p7\ (4) 
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we transform equation (2) as 


dV_ 

dT 



( 5 ) 


Integration of equation (5) and using (4) 
with U{ 0) = 1 and = 0, these expressions are 
given below: 


PF 


Infill 

V o. ) 


P 2 T 


( 6 ) 


Introducing the following 

U=V+\-$T (7) 

and following the approach set out by 
Shergel and Yu 11 , we apply Fick's law to the 
partially extracted region «(/)< x<s(t) we 
approximate the concentration distribution 
as 


c(x,t) = Co 


x-u 

s-u 


( 8 ) 


Further, the amount of the drug released per 
unit exposed area of the matrix is equal to 
the difference of the original mass per unit 
area of the drug in the region and the 
amount remaining i.e. 

S 

m = c 0 (S 0 -u)- \e(x,t)dx, (9) 

u 

And finally, we obtain 

m = c 0 (S 0 -u)-c x (s -u)/2 (10) 

In non-dimensional form, this can be written 
as 


M = ( 11 ) 

ZCq 


In order to discuss the results in reference to 
the results obtained by Lee 5 , the parameters 
of this communication are equivalent to 
those of Lee as given below: 


a ■■ 


-A 


Vc, 


, where cq = A, c, is same in 


both and U(T)~ 1- 8(x) and T = x. Results of 
this communication have been discussed 
with these considerations in mind. 


Results and Discussions 


1. Fig. 2(a) and Fig. 2(b) represent the 
variation of velocity of the diffusion front 

for different sets of variations of a, p. 


For a fixed value of p i.e. for constant 
erosion front velocity, the diffusion front 
moves faster towards origin with time for 
increasing values of a. Similar results were 
observed for increasing values of p. For a 
fixed value of a, but the movement in the 
later case is much slower than the previous 
case. 



• dU/dT(t,l) ■ du/<nui) 

du/tfT(7,i) du/cfrp,!) • du/tfrqcti) 

Fig. 2a- dU/dT vs. T for different a and fixed p. 



Fig. 2b- dU/dT vs. T for different P and fixed a 
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This may be due to the fact that the 
erosion front moving towards the diffusion 
front forces more material into the partially 
extracted region with faster releases. These 
results are consistent with those obtained 
by Lee 5 depicting the variation of 6(7) = 

s 0 -«(0 


s 0 


= 1 -U(T). 


2. Fig. 3(a) and Fig. 3(b) present the 

variations of drug release rate with 
B dT 

time for different sets of variations of a, p. 
For a fixed value of cc, release rate 
increases with time for increasing values of 

P- 

Similar results were observed for fixed value 
of p and for increasing values of a but 
release rates in the previous case are much 
larger than those of later case. 

20 
"15 
| 10 
5 
0 

f — • — dH/<«n,l) — ■ — <*/<fTCU> — * — dX/dTtl^) I 

X - <M/diti,7) — x — — • — dHy<rr (i,io)j 



: » i e 


T 5 5 5 1 I I 


Fig. 3a- dMIdT vs. T for different P and fixed a. 



♦ «M/dT(l,l) — ■ cW/dTai) — * dM/<fT(3,l) 

<W/<fT(7,l) — -X — dM/dT&l) — •— dM/draai) 


Fig. 3b- dMIdT vs. T for different a and fixed p. 
422 


3. Variation of mass flux is presented in 
Fig. 4(a) and 4(b) for similar variations in 
a, p. Results are similar and justify the 
results of release rates mentioned above. In 
fact, this presents a control problem which 
can fix up the parametric values for a pre- 
assigned value of release rate. 



2000000 

1000000 

0 


I 

M(l,l) — ■ M(2,l) — * M(5,l) 

M(7,l) — * — M(9,l) — • M(10,l) 


Fig. 4a- M vs. T for fixed P and different a. 


15000000 

10000000 

5000000 

0 




in o o g in 


§ s 


-M(l,l) — ■— M(l,2) — 4— M(13) 

M(l,7) * M(l,9) — ^-M(U0) 


Fig. 4b- M vs. T for fixed a and different p. 

dV 


4. Variations of 
dU 


front velocity 


dT 


with diffusion 
dT 

for different sets of 


increases with 


values of a, p have been presented in Fig. 

5(a) and Fig. 5(b). ^ 

dl 

increasing diffusion front velocity. For 

initial values of is almost 

dT dT 

constant. It starts increasing further with 
the diffusion front velocity. We have also 
presented diffusion front velocity 
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independent of U with time in Fig. 2(a) and 
Fig. 2(b). 


5.3 

5.2 


I 5.1 

"O 5 =s(b 


4.9 


2> ° ° o 

•r- O O 

O O O 


dUfdT 


Fig. 5a- dV/dTv s. dU/dT for a=l, (3=5 


5 4 
> 2 


X 


04 S 

r* CO 


£ g 

o d 


3 


dUfdT 


Fig. 5b- dVIdTvs. dU/dT for a=5, p=l 
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Abstract 

The present paper is the first report for the effect 
of bee pollination on the amino acid and protein 
composition of mustard ( Brassica campestris L. 
var. toria) seed. The self -pollinated plants (SP) 
consist of lowest concentration of free amino 
acids. In bee pollinated (BP) plants the free amino 
acids concentrations were low in comparison to 
naturally pollinated plants (NP) and hand polli- 
nated plants (HP). However, the “total” amino 
acids concentrations varied in the ascending order 
as NP<HP<SP<BP. In the seeds of BP plants the 
“total amino acids and protein” concentration 
were about two times higher as compared to the 
seeds of NP plants. The concentration of protein 
was highest in the BP plants. 

(Keyword; Apis cerana / pollination/ amino acid/ 
Brassica campestris! seeds). 

Pollination is essential pre-requisite for 
major reproductive crop yield and perre- 
nation of higher plant species. The bees 
visit the one flower to another flower. 
During this time, most probably, the highly 
positive charged pollen grains were 
attracted by the negatively charged stigma 
for pollination with most suitable pollen. 
The honeybees only provided this oppor- 
tunity, because there is no other technique 
to provide the opportunity to the stigma for 
selection of desirous and suitable pollen 
grains to pollinate them. Since the 
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pollination was performed by bees through 
highly suitable pollen, it increases the yield 
and improve the quality of mustard seed. 

For collection of pollen, bees are known 
to sonicate the anthers. Consequent audible 
floral vibration has been investigated for 
many plants by many workers (approxi- 
mately 3 1 families and over 500 genera of 
flowering plants) 1,2,3 . The entomophilic 
mustard pollen, because of its large number 
and greater amount of amino acids, is 
nutritionally superior than anemophillic 5 or 
non-mustard pollen. Bees, with their 
observed inclination to visit mustard flower 
(Boch et al., 1978) may avail the advantage 
of superior nutritive value of mustard 
pollen to increase the brood area and larval 
weight 6 . This has also been found to 
enhance the yield of mustard seed 7 . Further, 
mustard is an important oil seed crop of 
India, whose yield enhances through bee 
pollination 7 which tempted us to investigate 
on these aspects. There is also worldwide 
interest in growing mustard for their seed 
oils. To our knowledge, no attempt has 
been made on the relationship between the 
pollination and maternal fitness, amino acid 
and protein composition of mustard seed 
(Brassica campestris L. var. toria). 

The methods of pollination have a 
variable effect of the free amino acid 
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composition of the produced seeds. This 
paper studies the following different 
pollination methods: (i) Self pollination 
(SP); pollination was artificially performed 
in mature flower buds which were enclosed 
singly with perforated polyethylene paper 
bags; (ii) natural pollination (NP); plants 
were pollinated under natural conditions; 
(iii) hand pollination ; fresh blooming 
flowers were emasculated and cross 
pollinated by hand and (iv) honey bee 
pollination (BP); pollination was accom- 
plished by honeybees (Apis cerana ). The 


nucleus beehive of A. cerana indica was 
kept within the caged plants for pollination. 
The cultural and treatment techniques have 
been published by us earlier. 

Triplicate samples from each treatment 
were randomly collected, seventy days after 
sowing. Biochemical analysis was perfor- 
med with dried (70°C, 24h) and powdered 
(24 mesh) samples. Free amino acids and 
amides from hot ethanol (80% v/v) 
extracted dried samples and protein amino 
acids from 6 N HCI hydrolysates of the 


Table 1- Effect of bee pollination on the amino acids composition of mustard ( Brassica campestris var. toria) seeds (jig 
100' 1 mg dry wt.) 


POLLINATION TREATMENTS 


Amino acids 


Free amino acids 


Protein bound amino acids 

SP 

NP 

HP 

BP 

SP 

NP 

HP 

BP 

Leucine + Isoleucine 

15.0 

10.0 

15.0 

10.0 

285.7 

225.0 

260.0 

300.0 

Valine 

10.0 

5.0 

10.0 

10.0 

171.4 

150.0 

260.0 

340.0 

y amino butyric acid 

10.0 

160.0 

110.0 

- 

- 

- 

- 

- 

Tyrosine 

- 

• 

- 

- 

142.8 

- 

- 

160.0 

Glutamic acid 

80.0 

40.0 

80.0 

100.0 

440.0 

125.0 

200.0 

480.0 

Threonine 

20.0 

- 

- 

10.0 

800.0 

- 

- 

600.0 

Arginine 

- 

10.0 

10.0 

- 

457.0 

150.0 

220.0 

260.0 

Aspartic acid 

20.0 

20.0 

60.0 

40.0 

- 

84.0 

260.0 

20.0 

Glysine + Serine 

10.0 

10.0 

20.0 

10.0 

257.0 

175.0 

240.0 

400.0 

Lysine + Histidine 

40.0 

5.0 

20.0 

10.0 

228.2 

210.0 

220.0 

280.0 

Cystine 

2.5 

10.0 

10.0 

5.0 

85.7 

300.0 

- 

220.0 

Proline 

73.0 

20.0 

76.6 

146.6 

300.0 

- 

380.0 

530.0 

a alanine 

- 

60.0 

10.0 

- 

- 

- 

- 

- 

Asparagine 

20.0 

- 

20.0 

10.0 

- 

275.0 

- 

- 

P alanine 

- 

- 

- 

- 

- 

- 

300.0 

380.0 

Total : 

300.5 

350.0 

441.6 

351.0 

3167.8 

1694.0 

2340.0 

3970.0 
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ethanol extracted residue were resolved by 
two dimensional paper chromatography 8 ’ 9 . 
The 1 st and 2 nd dimensional runs of the 
chromatograms were performed in the 
solvent systems phenol: water: ammonia 
(80:20:3 v/v) and n-butanol : acetic acid : 
water (4:1:5 v/v), respectively. The 

different ninhydrin positive substances 
were detected by spraying the chromato- 
grams with 0.1% ninhydrin in n-butanol 
and quantitatively measured spectrophoto- 
metrically against authentic (Sigma chemi- 
cal) reference standards. Proline was 
estimated separately following the method 
outlined by Wren and Wiggal. The fresh 
seed samples were deproteinized with tri- 
chloroacetic acid for protein estimation and 
quantified following the methods of Lowry 
etal n . 


Table 2 -Effect of bee (Apis cerana) pollination on the 
protein composition of mustard ( Brassica 
campestiris var. toria) seed 


Pollination treatments 

Protein (%) 

SP 

1.65 

NP 

1.12 

HP 

1.99 

BP 

2.06 


The concentration of free, protein 
bound amino acids and protein of mustard 
seed were influenced by the mode of 
transference of pollen grains for pollination 
and fertilization (Table 1 and 2). In the 
seeds of NP and BP the total concentration 
of amino acids and protein were about 2044 
and 4321 pg 100' 1 mg; 1.12 and 2.06 per 
cent respectively (Table 1 and 2). The 
concentration of total amino acids and 
protein of BP seeds were about 2 times and 
1.8 times greater than the seeds of NP 
plants respectively. The free and protein 
bound amino acids namely leucine, 
NATL ACAD SCI LETT, VOL. 27, NO. 11 & 12, 2004 


isoleucine, valine, glutamic acid, glycine, 
serine, lysine and histidine were detected in 
the seeds of SP, NP, HP and BP plants 
respectively. The threonine was detected 
only in the seeds of SP and BP plants. The 
free proline concentration of BP seed was 
highest about 41 per cent and the protein 
bound was about 1 3 per cent. The tyrosine 
was detected in the protein bound amino 
acids of the SP and BP seeds. 

Probably quality (maturity of pollen, 
time of pollination and highly fit) of pollen 
is responsible for higher yield, synthesis of 
amino acids and protein of the seeds. In the 
seeds of BP the concentration of protein 
and protein bound amino acids were 
highest. The insect or bee pollination of 
Brassica rapa and Brassica napus is 
essential 13 for higher yield, high seed meal 
lipid concentration 7 ; higher number of 
pods and seeds per pod l4 . Similarly, it also 
increases the total amino acids and protein 
concentration of seeds of bee pollinated 
plants (Table 1 and 2). Canola growers 
may be benefited to associate . co- 
operatively with beekeepers to enhance 
their seed yield l3 . On the one side honey 
bees increase the seed yield and improve 
the seed quality through pollination 
services, on the other side they collected 
the nectar from the flowers of mustard 
crops for production of honey i.e. about 70 
kg per hectare. 
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Abstract 

The SDS PAGE protein profiles of normal and 
congenital cardiac tissues reveal that TOF tissue 
protein retention is low. This situation may 
possibly be the reason for its spatial and temporal 
abnormalities. The molecular weights of protein 
profiles of cardiac tissues vary between 125 to 14 
KDa with a prominent band in the range of 43 
KDa. The variations in their spectral profiles, 
including profile heights and area under the 
peaks, have been analysed in the light of 
electrophoretic behaviour of proteins associated 
with cardiomyopathy. 

(Keywords: TOF/DCRV/protein profiles). 


Cardiovascular diseases are the most 
important cause of death and hospitali- 
sation in human population around the 
world. Among these, congenital cardi- 
ovascular malfunctions are the major cause 
of morbidity and mortality 1 ' 3 . Tetralogy of 
Fallot (TOF) shows a prevalence of 10% 
and a double chambered right ventricle 
(DCRV) occurs in about 1%. During the 
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past decade, it has become increasingly 
clear that genetic factors play a significant 
role in pathogenesis of many, if not most, 
cardiovascular disorders 4 ' 7 . Several of these 
disorders have obvious genetic etiologies, 
such as long QT syndrome, familial 
hypertrophic cardiomyopathy or Marfan’s 
syndrome 8 . In the present investigation, an 
attempt has been made to qualitatively 
evaluate the protein profiles of the resected 
muscle bundles from TOF & DCRV and 
papillary muscles around the mitral valve 
of normal human heart. 

Pathological symptoms : The clinical 
and pathological features associated with 
cardiac hypertrophy have been described 
extensively 9 . Briefly, Fallot’s tetralogy 
consists of four discrete anatomical lesions: 
namely, pulmonary infundibular stenosis; a 
ventricular septal defect; aorta overriding 
the ventricular septum; and right ventri- 
cular hypertrophy. Stenosis is the narrow- 
ing of valve opening due to inflammation 
and encrustation and consequently healing 
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by depositing fibrous tissue. Stenosis is 
accompanied by valvular incompetence 
allowing blood to flow back into ventricle 
when it relaxes. 

The precise mechanism by which 
squatting relieves breathlessness and 
faintness after exercise in patients with 
TOF is complex. It is known that arterial 
saturation returns to its resting value more 
rapidly if the patient squats after exercise. 
In normal individuals, squatting produces 
an increase in systemic arterial pressure, 
venous return of the heart and systemic 
cardiac out put. In patients with tetralogy, 
the above mentioned changes appear along 
with a positive increase in peripheral 
resistance by compression and kinking of 
the femoral arteries. Growth is usually 
normal unless cyanosis is extreme. 
Clubbing occurs after 3 months of age and 
is proportional to the level of cyanosis. The 
radiological features of TOF patients reveal 
a boot-shaped heart (Fig. la), thus varying 
from that of normal individuals (Fig. lb). 
The clinical and physiological picture in 
case of DCRV is similar to tetralogy of 
Fallot but differs in the site of lesion i.e., 
hypertrophic enlargement in the right 
ventricle makes it appear as double 
chambered. Cardiac hypertrophy may be 
reasonably categorised as either physiolo- 
gical or pathological. Physiological hyper- 
trophy includes cardiogenesis during 
embryonic development, post natal cardiac 
growth and a modest additional increase in 
heart size. If the stimulus for pathological 
hypertrophy is sufficiently intense, de- 
compensated hypertrophy and heart, failure 
is ensured. 

Tissue samples comprising normal, 
TOF & DCRV cardiac muscle bundles 
were obtained from Sri Sathya Sai Institute 

430 


of Higher Medical Sciences, Prasanthini- 
laym. The normal tissue samples represen- 
ting control constitutes papillary muscles 
around mitral valve obtained from the 
hospital after adult valve replacement 
surgical operations with no incidence of 
congenital heart disease. All these tissue 
samples were stored in saline and 
maintained at -80°C. As and when required 
they were thawed and 20% homogenate 
was made in physiological saline using 
acid-washed autoclaved sand and the same 
were used for immunisation of the mouse. 

To obtain samples for electrophoresis 
the remaining portion of tissues were 
homogenised similarly to make a 20 % 
suspension in 0.01 M Tris HC1 (pH 7.5) 
buffer. The homogenates were centrifuged 
at 5000 rpm for 15 min. The supernatants 
were further distributed in 1 .5 ml eppendorf 
tubes and centrifuged at 16,000 rpm for 10 
min. The clear supernatants were taken in 
small aliquots and stored at -20°C with a 
drop of glycerin, an anti-freeze compound. 

SDS PAGE : The mini slab gel 
electrophoresis was carried out using 10 % 
homogeneous separation gel and 5 % 
stacking gel with 0.05 M Tris-glycine tank 
buffer, pH. 8.0 with 100 V, 50 mA applied 
for two hours. The protein sample solution 
and sample buffer (Tris-HCl 0.06 M , pH 
6.8, 2 % SDS, 5 % Mercaptoethanol and 15 
% glycerol and 0.001 % bromophenol blue) 
were mixed in a 1:1 ratio and incubated in 
boiling water bath for 5 min. Protein 
standard markers obtained from M/S 
Bangalore Genei Pvt. Ltd. were used. An 
equal amount of sample comprising 40 pg 
of protein was loaded in each lane. The 
coomassie brilliant blue stained gels were 
analysed through Syn. Gene tools Version 
2.10.03. 
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Fig. la- Chest X-Ray of TOF individual showing boot-shaped heart. 


b- Chest X-Ray of normal individual showing the general appearance of heart. 
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The prominent physical symptoms of 
TOF and DCRV patients include blueness 
of the tips of toes, tongue and face (Fig. 2) 
and the chest X-ray revealing a prominent 
boot shaped heart in TOF patients (Fig. la) 
- all these attributes must have been due to 
the variation in their tissue protein profiles. 
Therefore, in the present investigation, SDS 
PAGE of cardiac protein profiles have been 
considered. 

The pattern obtained in SDS PAGE 
(Fig. 3) was analysed through a software 
programme, Syn Gene tools (Version 
2.10.03) for profile comparison (Fig. 4). 
The adopted software programme has 
identified only prominent dense fractions 
and they are 8, 10 and 9 protein fractions 
for normal ,DCRV and TOF tissue samples 
respectively. However, the total number of 
electrophoretic bands seen through normal 
eye varies between 22 to 24 protein 
fractions. The stained gel protein profile 
comparison revealed the variation in their 
relative mobility and molecular weights of 
the samples under study. The protein 
fractions were found to be about 125 KDa 
at the cathodal end; the prominent fractions 
in the range of 43 KDa through the middle 
region, possibly corresponding to actins 
and at the anodal end in the range of 29 to 
14 KDa (Fig. 3). 

The differences among the peak heights 
and the area under the peak for the scanned 
protein bands of standard protein markers 
and proteins of tissue samples of normal, 
DCRV and TOF are shown in tables 1, 2, 3, 
and 4 respectively. Out of all these 
fractions, the protein fraction nos. 5, 7 and 
5 (Tables 2, 3 & 4) of normal, DCRV and 
TOF tissue samples respectively have 
shown the maximum profile height reveal- 
ing the predominance of these particular 
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fractions and the same must have been the 
muscular actins. Upon comparison among 
the areas under peak for these fractions 5, 7 
and 5 of normal, DCRV, TOF samples 
respectively, the normal cardiac tissue 
sample represents the maximum revealing 
its high density, whereas, there is a 
decrease by 25% to 27% in both DCRV and 
TOF suggesting that the active contractile 
protein, actin must have been lowered as a 
proportion of the total protein profiles. 

The 4 th fraction of the normal cardiac 
tissue represents the maximum area under 
peak namely 248180 mm 2 (Table 3) with a 
molecular weight 62.9 KDa and corres- 
ponding area under similar peak is totally 
missing in both DCRV and TOF and the 
same possibly be due to mal-expression of 
the corresponding gene. During cardiac 
hypertrophy certain genes are expressed 
and some are not. Also, certain proteins are 
over expressed as noticed in the anodal 
fractions of DCRV (Table 3). It has been 
reported that there is the re-expression of 
several foetal proteins, which are normally 
expressed only in the embryonic cells 10 . 
The rational basis for the re- expression of 
foetal proteins is not obvious except that 
the gene regulating mechanisms are mis- 
functioning at the promoter level in the 
adult cardiac cell since DCRV and TOF are 
inborn cardiac errors. It is reported that the 
atrial natriuretic factor gene expresses in 
the atria and ventricles in the embryonic 
state but not in the normal adult ventricle. 
However, it gets re-expressed in the 
ventricles during hypertrophy 10 . Also, the 
changes in the relative abundance of 
calcium cycling proteins in the altered 
cardiac function have been noticed in the 
hypertrophied and failing hearts 11 . The two 
protein fractions (8 th and 9 th ) of low mole- 
cular weights, not represented in normal 
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cardiac tissue, show a greater profile height 
in the samples of DCRV (Table 3; indicated 
by arrows in Fig. 4) and this situation must 
have led to its altered cardiac function. 


Table 1- Standard marker protein profiles 


S.No. 

Molecular 

weight 

(KDa) 

Profile 

Height 

(mm) 

Area under 
peak 

(mm 2 ) 

1 

97.4 

48.74 

31044 

2 

68.0 

41.60 

53736 

3 

43.0 

87.22 

71424 

4 

29.0 

62.83 

44474 

5 

14.3 

76.83 

62686 


Table 2- Cardiac protein profiles of normal heart 
analysed through Syn Gene Tools-version 
2.10.03- from the track 1 of figure 4. 


Protein 

Fraction 

Number 

Molecular 

weight 

Profile 

Height 

Area under 
peak 


(KDa) 

(mm) 

(mm 2 ) 

1 / 

126.59 

69.81 

21010 

2 

102.24 

69.69 

40418 

3 

89.24 

83.36 

47771 

4 

62.99 

130.85 

248180 

5 

41.01 

156.30 

226785 

6 

35.87 

139.34 

125776 

7 

16.92 

46.79 

40803 

8 

11.42 

108.12 

90945 


Table 3- Cardiac protein profiles of DCRV heart 
analysed through Syn Gene Tools-version 
2.10.03 from the track 2 of figure 4. 


S.No 

Molecular 

weight 

(KD) 

Profile Height 
(mm) 

Area under 
peak 

(mm 2 ) 

1 

124.16 

47.82 

24922 

2 

99.31 

86.53 

76791 

3 

86.68 

77.68 

40885 

4 

72.78 

109.02 

59562 

5 

57.38 

103.38 

40591 

6 

54.53 

106.78 

62566 

7 

43.36 

133.57 

167721 

8 

29.69 

38.51 

16262 

9 

21.18 

54.70 

47322 

10 

14.95 

82.64 

59693 

Table 4- 

- Cardiac protein profiles of TOF heart analysed 
through Syn Gene Tools-version 2.10.03- 
from the track 3 of figure 4. 

s. 

No 

Molecular 

weight 

Profile Area under peak 
Height 


(KD) 

(mm) 

(mm 2 ) 

1 

125.37 

32.61 

9249 

2 

86.68 

43.21 

28739 

3 

66.85 

79.42 

81047 

4 

55.46 

88.76 

99609 

5 

41.66 

115.25 

153016 

6 

27.41 

35.50 

22018 

7 

19.36 

42.63 

37422 

8 

12.08 

52.93 

35532 

9 

9.87 

39.75 

35489 
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PROFILE COMPARISONS 


Profile height 


Ri distance down track 


TRACK1 - NORMAL 


TRACK2 - DCRV 


TRACK3 - ToF 


TRACK3 - LMW MARKER 


comparison of proteins separated 
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In the Dirac equation there are solutions such that 
one particle is negatively charged and the other is 
positively charged. A particle of zero charge can 
also be introduced. The sum of the three charges 
is zero. We report that it is possible to have the 
sum of the charges equal to zero by using 
fractions. Similarly, /+s, is conserved in the Dirac 
equation but l-s, is not. We use negative spin for 
the spin so that l-s, is conserved. We find that 
there is a contribution to the charge which is of 

f 1/2 <A 


the form (2/+1)’ 1 


which for /=0 gives 


±1/2 for the charge but for /=1, the charges of 
±1/6 are generated. Combined with Vi, the charges 
become (l/2)±(l/6) which for two particles adds to 
1. In this way the charges become 1/3 and 2/3 
instead of 0, ±1. This means that spin of the 
electron behaves like the charge. This 
phenomenon is well known for neutron and 
proton which have charges of 0 and +1, but it is 
new for the electron. Our representation of ±1/3 
and ±2/3 still adds to zero as does the 0, ±1 except 
that now there are four particles where there were 
only 3. 

(Keywords: quantum hall effect/unification of 
charge/proton/neutron) 


Introduction 


The energy of a particle is given by 

OO O A 1 / O 

±(c p +m c ) where positive sign is 
associated with the electron and negative 
energy solution is interpreted to belong to 
positrons. The sum of the two charges, ±e, 
is equal to zero. In the nonrelativistic 
theory, the lattice distortions are associated 
with soft modes which have zero frequency 


at the critical point. Therefore, motivated 
from the condensed matter physics 1 , Jackiw 
has introduced a solution which has zero 
frequency in the Dirac equation . There- 
fore, there are three solutions instead of the 
usual two solutions and the sum of the 
charges is equal to zero. In the usual Dirac 
Hamiltonian L+S is conserved but L-S is 
not. Jackiw has found that charge degrees 
of freedom are converted into spin degrees 
of freedom in the field of a magnetic 
monopole 3 . 

We make use of the theory of angular 
momentum to define an effective charge. In 
this case, the charge becomes dependent on 
l and s and for 1=0, it can be zero or 1 but 
for 1=1, the charges of 1/3 and 2/3 are 
found. The value of 1/3 requires the spin to 
be negative, i.e., -1/2 so that L-S is 
conserved instead of L+S. Similarly, the 
charge of 2/3 requires positive spin, 5=1/2 
and L+S is conserved. The two values of 
the charge, i.e., 1/3 and 2/3 add up to 1 
rather than zero. Therefore, our problem is 
similar to that of Jackiw and Schrieffer who 
consider fractional charge in the charge 
density waves. 

Electronic Isospin Type Quantity 

In the case of relativistic energy 
±(c 2 p 2 +m 2 c 4 ) !/2 there are two solutions,' one 
positive belongs to the electron and the 
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other negative belongs to the positron. 
Although Jackiw has found a zero-energy 
solution, there is no positive term in the 
energy. If the positive term is much larger 
than the negative term, the negative 
solution will become positive and instead 
of one negative and one positive, we will 
have both the solutions with positive 
energy. For example, the energy solution 
may be given by. 


E= E 0 ± (c 2 p 2 +m 2 c 4 ) 1 ' 2 (1) 

When E 0 is larger than the second term, both 
the solutions become positive. If E 0 = 0, we 
get Jackiw’s solution, i.e., where E 0 belongs 
to charge-density waves. When E 0 =(c 2 p 2 + 
m 2 c 4 ) m one of the solutions of E is zero and 
the other is positive. It was found by us 4 that 
in high magnetic field, the energy of the 
electron becomes, 

E= [l +(1V2)±j]( 2/ + l)' l /2co c (2) 

which for 1=0 , s=l/2 gives hco c and for 1=0, 
5 =-1/2 gives E= 0. For /= 1 , more interesting 
values arise. For 1=1, s= 1/2, we get (2/3)ho) c 
and for /= 1 , s=-l/2, (l/3)Aco c . When we look 
at the value of the Bohr magneton, 
{iB=efr/2mc , the above value multiplies the 
charge so that it can be interpreted that the 
charge becomes (l/3)e or (2/3 )e. Although 
Jackiw’ s result of equivalence between 
charge and spin requires the presence of a 
magnetic monopole, our result occurs when 
the energy is ps.#, where H is the magnetic 
field and ps is replaced by an effective 
magnetic moment. Usually, there is only one 
solution for p b but in the present problem 
two solutions occur due to two signs of s. In 
the Hund’s rule or in Lande’s formula for g 
value only positive sign of s is used. We 


allow the to become negative so that there 
are two values. In the Dirac equation only 
L+S is conserved but L-S is not. However, in 
the case of negative s, L-S conserves the 
angular momentum. Therefore, there is 
clearly an advantage to let s assume negative 
values. If s is considered as a matrix, we 
can write the above expression as an 
effective charge. 


e e// /e=(l/2) 


+(l/{2/+l }) 


1/2 0 
0 - 1/2 


(3) 


Here, the first term arises due to quantum 
mechanics and the second term for /= 1 gives 
±1/6. The effective charge then becomes, 
(l/2)±(l/6) or 1/3 and 2/3. This result is 
similar to Jackiw’s result where isospin is 
determined by spin. The charges ±1/6 form a 
conjugate pair and the charge Vi is 
associated with quantum mechanical 
behavior of the angular momenta operators. 
We can define the charge as a quantity 
which operates like the angular momenta 
and hence is similar to isospin. In the 
present problem, 


1 = 


( Ceffle ) 


A 

1° 


0 N 

K 


(4) 


Hence the previous relation can be written 
as, 


7=(l/2) 


(\ 

l<> 


' 1/2 0 N 
,0 - 1 / 2 , 


0^1 


+(2/+l)' 1 


(5) 
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For 1=0, the isospin type quantity becomes, 
/= (l/2)±5. Therefore, for positive sign the 
charge is 1 and zero for the negative sign. 
For 1+-0, taking integer values of /, we can 
obtain a whole series of charges. The spin 
need not be limited to Vz. For example, it can 
be 0, 1 or 3/2, 5/2, etc. For S= 0, the charge 
becomes Vz. The energy of the electron in a 
magnetic field is \lb-H. When above value is 
used for the charge, this magnetic energy 
becomes, 


—ho'.H = (- ± s) — 
2 me 2 2 me 


n 0 ' 

0 -1 


H z 


( 6 ) 


positive S is conserved. So we conserve L+S 
as well as L-(-S) whereas the Dirac equation 
conserves only L+S. 

Angular Momentum and Isospin Type 
Quantity 

We find that the sum of the angular 
momentum and the isospin type quantity is 
an angular momentum. We define the 
angular momentum as j-l+s. In order to 
make it dimensionless we measured it in 
units of 2(2/+ 1), so that the dimensionless j 
becomes /=(/+s)/[2(2/+l)]. The charge is 
(/+(l/2)±T)/(2/+l) which is already dimen- 
sionless. The sum of the two is given by, 


which has two terms. The first term gives 
half of the magnetic moment and the second 
term ±\iqHSS z which has four solutions for 
5=1/2, 5 z =±l/2. This provides an energy 
gap. The eigen function is of the form, 


[(/ + s)/2(2/+ \ )]+{e e ffl e) - 
[(l+s)/2(2l+\)]+^±s/(21+l)= 

3/+l/2(2/+l) (9) 


H'l _ 61/3MD/3 + (7) 

where for 1=1, the charges of 1/3 and 2/3 
come from (l/2)±(l/6). Comparing this 
wave function with that of Dirac equation, 

W = b p \\i p+ + d p *\y p . (8) 

where vj jp+ corresponds to positively charged 
particle and \y p . to the negatively charged 
particle which is conjugate to the positively 
charged particle. It is found that the sum of 
the two charges is zero whereas in our case 
it is one. The Dirac equation conserves 
positive S but not negative S. In our solution 
corresponding to the charge of 1/3, 5 is 
negative and L-(-S) is conserved. So the 
conservation of angular momentum is 
favoured by both of our solutions. The 


Application to Nuclear Physics 

In the eq.(5) for 1=0, s=l/2 gives a proton 
and s=- 1/2 gives a neutron. The value s=0 
gives neutral 71 -meson. In order to generate 
more particles, hypercharge, 7, is 
introduced, 1= Vz+YI 2 with s=M2 and 7=1, 
and 1=0, this equation becomes same as (5). 
On this basis, the quark model was develo- 
ped by Gellman. Usually, the magnetic 
moments of proton and neutron are 
explained in terms of spin and orbital g- 
values. The magnetic moment of proton 
depends on the angular momenta, y=/±s, for 
which many states are possible. Similarly, 
the magnetic moment of the neutron 
depends on the angular momenta states. For 
the proton g/=l and g$=5.585 so that by 
using the formula, 
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gj=gl±(g s -g\)/(2l+\) 

and \ip-gj the magnetic moment of the 
proton is correctly described. Similarly, for 
the neutron, gi=0, g s =-3.S26 and the 
expression y. n = gjj, gives the correct value of 
the magnetic moment of the neutron. 
However, the magnetic moment of the 
electron is determined by the Bohr 
magneton of which there is only one value. 
The Bohr magneton also uses the value of 
the electron charge of which there is only 
one value and fractional values do not arise 
too easily. We will show that there are many 
fractional values of the Bohr magneton and 
hence that of the electron charge and they do 
occur in condensed matter. 

Quantum Hall Effect and 
Electron Charge 

We return to eq.(2) so that for s=- 1/2, 
the charge of the electron becomes, 

v.= 1/(21+ 1 ) (10) 

which gives 1/3 for/=l. For s=+ 1/2, 

v + = (/+l)/(2/+l) (11) 

which is 2/3 for /=1. If we tabulate v. and v+ 
for various values of /, the values obtained 
are exactly the same as those obtained 
experimentally by Stormer 5 from the 
measurements of plateaus in the quantum 
Hall effect in Go/l^See fig. 18]. Over the 
years, higher magnetic fields were achieved 
which gave rise to more values of the 
fractional charge 6 . These values have been 
explained by introducing the idea of 
clustering where the spin need not be ‘A, i.e., 
it can become 1 or 3/2 or some such value 7 . 
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The Agreement 

As pointed out above, the values of the 
fractional charge predicted by our series 
(10) and (11) are exactly the same as those 
measured experimentally. The values obtai- 
ned after 2003 also agree with those 
calculated with ^>1/2. The only problem is 
that in Lande’s formula only positive 
values of the spin were used whereas we 
use both the positive as well as the negative 
values 8 . It was pointed out by the 
experimentalists that some of the fractions 
were difficult to understand. We find that 
J=l/2 with spin appropriate to an electron 
cluster can explain all of the experimentally 
observed numbers. 

When the field is varied, the orbital 
angular momentum changes so that spin of 
the electron flips to conserve the angular 
momentum. For 1=0, s=+ 1/2, the value of 
v+ is 1. Now, as the orbital changes to /— 1 , 
there is a need to conserve L+S which can 
be done only by changing s to -1/2 so that 
v+=l changes to v_=l/3. Here, v+ =1, 
belongs to 1=0, s=+\/2 and /+ s=l/2 
whereas v.=l/3 belongs to /= 1, s=-M2 so 
that l+s=M2. Thus in going from v+=l tov. 
=1/3, l+s is conserved. Similarly for /— 1 , 
s=+ 1/2, l+s= 3/2 and for 1=2, s=- 1/2, 
l+s= 3/2 and v.=2/5 so that in going from 
v+=2/3 to v.=2/5, /+s is conserved. 

Similarly, there are pairs of v± for which 
l+s is conserved. For / =2, s=+ 1/2, l+s= 5/2 
and v+ =3/5 and for 1=3, s=-l/2, l+s= 5/2 
and v =3/7 so that in going from 3/5 to 3/7 
the l+s is again conserved. For 1=0, s=- 1/2, 
l-s= 1/2 and v.=0 and for /=1, s= 1/2, l-s=l/2 
and v+=2/3 so that in going from 0 to 2/3, /- 
s is conserved, etc. We can go from v_ =0 to 
v+=l or from 1/3 to 2/3 by conserving 1. 
Considering the Dirac equation l+s is 
conserved. If we allow “negative spin”, 
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then l-s is conserved. This is an important 
result from the view point of the Dirac 
equation. The value of l is constant in going 
from 1/3 to 2/3. Therefore, this transition is 
“forbidden”. In the case of the electron g/ 
=1 and g s = 2 so that, 

gj = 1 ±l/(2/+l) (12) 

Multiplying it by s=j=+ 1/2 so that, 

gj M /+(l/2)±s]/(2/+l) (13) 

which is 0 for s=-l/2, 1=0 and 1 for s=+ 1/2, 
1=0. For /= 1, s=+l/2, it is 2/3 and for /= 1 , 
s=- 1/2, it is 1/3, etc. When we compare the 
magnetic moment with the charge, these 
values imply a charge of 0, 1, 1/3, 2/3, etc. 
Here we have taken the value of / while 
multiplying by j. If necessary, all of the 
components can be written down. For 1=1, 
the charge is 2/3 for positive sign and 1/3 
for the negative sign with s= 1/2. Thus a 
charge of 1 splits into two particles of which 
one is (l/2)+(l/6) and the other is (l/2)-(l/6) 
and the sum of two is one. Alternatively, the 
charge of 1 splits into two particles of 
charges 1/3 and 2/3. Let us consider the 
negative sign of /=- 1/2 so that 1/3 and 2/3 
change into -1/3 and -2/3. Now there are 
four components ±1/3 and ±2/3 but the sum 
of these four charges is zero. This means 
that the charge of the electron behaves like 
the angular momentum which is another 
way of saying that at high magnetic fields 
the electron acquires an isospin type 
property. The quantity \i.H=g\iBH.S can be 
defined by aligning the field along the z 
direction, so that H.S becomes HJS Z where S z 
= ±1/2. For the negative value, S z =- 1/2, the 
magnetic moment becomes, p e [f = (-l/2)[2/+l 
±l]/(2/+l) but H Z S Z is invariant with respect 
to change in sign, i.e., -H Z S Z is exactly the 
NATL ACAD SCI LETT, VOL. 27, NO. 1 1 & 12, 2004 


same as +H Z S Z . All that happens is that +1/2 
and -1/2 get interchanged. Similarly, the 
energies of ±3/2 are the same as that of T3/2. 
So far we have discussed only the formula 
(13) with y-1/2. For j= 3/2, the fractional 
charge is higher by a factor of 3 than those 
of j = 1/2. The cyclotron frequency is 
multiplied by v ± so that the Landau levels 
also get modified only by a factor v± and the 
levels continue to be determined by 
v ± hco e (n+ '/ 2 ). 

ESR and QHE 

In the case of electron spin resonance 
(ESR), the transitions are obtained between 
various values of the angular momenta by 
means of a radio-frequency coil. Since the 
oscillating field is at an angle of 90°, it can 
be used to generate the spin raising and 
lowering operators. The resulting system 
absorbs microwaves so that the electron 
spin resonance line can be observed. On the 
other hand, the quantum Hall effect 
plateaus are produced without an rf coil. In 
quantum Hall effect, one goes from step to 
step because there is need to conserve 
j=l±s. For various values of l one can go 
from one step to another such that there are 
more than 150 steps 7 . 

Conclusions 

The expression which gives the correct 
value for the magnetic moments of the 
neutron and proton also gives the correct 
charge for the electron except that two 
states of electron are produced. This new 
state is associated with negative spin. Upon 
considering various values of the orbital 
angular momenta, many new charged 
quasiparticles are predicted which also 
agree with the experimental data on the 
quantum Hall effect. The proton and 
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neutron are associated with charges 0 and 
±1 but the angular momenta which describe 
the charges ±1/2 and ±3/2 are equally 
valid. The original Dirac equation did not 
conserve L-S but now for negative spin it 
does. Thus, there are many new quasipar- 
ticles which have, fractional charge and 
satisfy the same theorems which the proton 
and neutron do except for the added 
advantage of negative spin in the Dirac 
equation. The approach used gives the 
proton and neutron magnetic moments 
correctly and in each of these particles 
there are solutions with positive as well as 
negative s. In the case of the electron there 
is only one particle then what are the 
solutions with negative si Obviously, there 
is a need of a new particle. We have 
explained 9 the fractional charges using spin 
'/ 2 . After 2003, charges with spin > !4 were 
discovered 10 . We are now in a position to 


unify the electron with the proton and 
neutron. 
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Celebration of the Scientific Awareness Year (2004) 


The Govt, of India has declared the year 
2004 as 'Scientific Awareness Year' to 
cultivate the scientific temperament among 
the students and general mass so that a 
rational approach towards life is developed. 

The Academy has also decided to 
spread the horizon of its science 
communication programmes through-out 
the country starting from 2004. Several 
activities have been planned for 
communicating science specially among 
the students and rural mass through the 
twelve Chapters of the Academy. The 
Headquarter of Academy, has already 
started several programmes under the 
guidance of Prof. S.L. Srivastava, Co- 
ordinator, Science Communication Pro- 
gramme of the Academy. 

Science Extension Lectures at 
Allahabad — On August 16, 2004 an 
informative and illustrative lecture was 
delivered by Dr. (Ms.) Sharda Sundaram on 
'Atoms, Molecules and Bonds' in Golden 
Jubilee Jagat Taran Inter College, 
Allahabad, for the students of +2 level. 

On August 21, two eminent scientists 
and Fellows of the Academy delivered two 
lectures. The first lecture was delivered by 
Prof. (Ms) D. Kaul in Gauri Pathshala Girls 
Inter College, Allahabad, on 'Basic and 
Advanced Concepts in Genetics' under 
which the structure of DNA, Genes, 
Recombinant DNA, replication, mechanism 
of genetic dogma, gene therapy, cloning 
and use of genetics in the development of 
mankind were illustrated. The second 
lecture was delivered by Prof. S.L. 
Srivastava on 'Advances in Certain Novel 

NATL ACAD SCI LETT, VOL. 27, NO. 1 1 & 12, 2004 


Materials and Devices’ in Narayan Ashram 
Balika Inter College, Allahabad. He 
observed that such advancements may 
bring the health services directly in each 
home. 

On August 23, Dr. Niraj Kumar, 
Assistant Executive Secretary of the 
Academy delivered an interesting lecture in 
M.L. Convent, Allahabad on the 'Basic 
Concepts in Life Sciences'. He explained 
the origin of life, evolution of man and 
preventive and promotive role of nutrition. 

On August 24, Prof. U.C. Srivastava of 
the Zoology Department, Allahabad 
University, delivered an informative lecture 
on 'Endocrine and Diseases' in Govt. Girls 
Inter College, Allahabad for the students of 
class X to XII. He explained the role of 
endocrine glands in regulation of metabolic 
pathways and many diseases. 

On September 2, another interesting and 
illustrative lecture was delivered by Prof. 
S.L. Srivastava in Hamidia Girls Inter 
College on "Several Aspects of Energy". 
He dealt in detail about the sources of 
energy: hydroelectric, thermal, wind, solar, 
nuclear, plasma and renewable sources of 
energy through coloured transparencies. 

Dr. V.P. Kamboj, Formerly Director, 
Central Drug Research Institute, Lucknow 
and General Secretary of the Academy, 
spoke on "Intellectual Property Rights" in 
Ewing Christian College, Allahabad on 
September 4, 2004. He explained that in the 
era of globalization, Intellectual Property 
Management is extremely important, not 
only for Research Institutions but also for 
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the industries; and today in the global 
market place monopolies are built only on 
the basis of patents and other IPR's. 

On September 6, Prof. U.C. Srivastava, 
delivered a lecture on 'Deficiency Diseases' 
in Umrao Singh Memorial Girls Inter 
College, Allahabad. The lecture was so 
interesting that the students kept on asking 
questions for more than an hour after the 
lecture. 

On September 11, Prof. S.L. Srivastava 
delivered an interesting lecture on 'Smart 
Materials and Devices' in Maharishi 
Patanjali Vidyamandir, Allahabad. The 
lecture was appreciated by the students and 
teachers alike. 

Prof. C.B.L. Srivastava, Formerly Head, 
Department of Zoology, Allahabad 
University dealt in detail on a complex 
topic on 'Brain and its Activities in 
Crosthwait Girls Inter College on October 
5, 2004. He tried to make the students 
understand the mechanism of brain 
activities viz. conscious, unconscious and 
sleep states of brain and various parts 
responsible for such functions. 

All these lectures were attended by a 
large number of students and teachers, who 
appreciated the efforts of the Academy to 
reach out to schools. There are several 
requests to organize such programmes time 
and again and also to cover other 
institutions in Allahabad. 

Outstation Science Extension Lec- 
tures — A series of extension lectures was 
held at Satna (M.P.) from September 29 to 
October 1, 2004. A brief inauguration was 
held on September 29, 2004 at Govt. P.G. 
College, Satna where Prof. S.L. Srivastava, 
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Coordinator of the Programme, delivered 
the Inaugural Address on Biometeorology. 

The following lectures were delivered 
in different institutions of Satna by the 
speakers from Allahabad — 

Prof. S.L. Srivastava gave an interesting 
talk on 'Smart Materials and Structures 
Mimicking the Living World' at Satna 
Institute of Information Technology on 
September 29, 2004. Prof. D.K. Chauhan, 
Botany Department, Allahabad University 
(AU.), explained the 'Role of biodiversity 
and its conservation', in Kendriya 
Vidyalaya and also delivered an illustrative 
lecture on Bioconservation in Govt. P.G. 
College on the same day. 

Prof. P.W. Ramteke, Allahabad Agri- 
cultural Institute, Allahabad, delivered a 
talk on Biotechnology in Govt. P.G. 
College on 30th September and on the same 
day two lectures were also delivered by 
Prof. U.C. Srivastava, Department of 
Zoology, A.U., in Govt. P.G. College and 
Christukala Convent School. In Govt. P.G. 
College, he dealt in detail on Neuro- 
secretion, endocrine and diseases, while in 
Christukala, his lecture was mainly focused 
on diseases. 

Dr. (Mrs.) Sharda Sundaram, Chemistry 
Department, Ewing Christian College, 
Allahabad, delivered an illustrative lecture 
on Atoms and Molecules in the Govt. P.G. 
College and also in Bonanza School on 
October 1,2004. On the same day Dr. 
Pankaj Srivastava, Motilal Nehru National 
Institute of Technology, Allahabad deli- 
vered two lectures on Cryptography in 
Satna Institute of Information Technology 
and Govt. P.G. College. In the valedictory 
function, Prof. G.L. Tiwari delivered an 
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informative lecture on 'Algae and its 
Diversity'. 

The next series of outstation science 
extension lectures was organized at Jaunpur 
(U.P.) from October 27-29,2004. Prof. 
C.B.L. Srivastava, formerly Head, 
Department of Zoology, AU. inaugurated 
the lecture series at B.R.P. Inter College, 
Jaunpur, on October 27, 2004. Members of 
the Management Committee of the College, 
Principal, Teachers and science students of 
+2 level attended the inaugural function. 
Dr. M.S. Sinha, Executive Secretary of the 
Academy, while briefing about the Science 
Communication Programmes of the 
Academy emphasized the importance of 
carrying out such programmes and stressed 
the need of cultivation of scientific 
temperament among the students and 
general mass. He also delivered a lecture on 
'Computers and Internet'. On the same day 
Prof. C.B.L. Srivastava delivered an 
imformative lecture on 'Brain and Its 
Activities" in Shia Degree College. Dr. 
Pankaj Srivastava, Motilal Nehru National 
Institute of Technology, Allahabad, 
delivered a conceptual and interesting 
lecture on 'Security and Information 
Science' in Rizvi Learners. 

On October 28, 2004, Prof. D.K. 
Chauhan, Botany Department, A.U. 
delivered illustrative lectures with the help 
of beautiful slides on Biodiversity in Rizvi 
Learners and B.R.P. Inter College. Dr. R.N. 
Seth, CIFRI, Allahabad also delivered 
informative talks on Fishes and Parental 
Care in Shia Degree College and B.R.P. 
Inter College. 

On October 29, 2004, Prof. R.K. 
Srivastava, CAD-LAB, Motilal Nehru 
National Institute of Technology, Allaha- 
bad explained the mechanism of computer 
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and its application in different fields of 
science in Rizvi Learners and B.R.P. Inter 
College. On the same day Dr. Abhai 
Pandey, Biochemistry Department, A.U. 
delivered conceptual lectures on 'Vaccina- 
tion and Immunity' in B.R.P. Inter College 
and Shia Degree College. 

All these lectures were well attended. 
The organizers, students and the teachers 
appreciated the efforts made by the 
Academy. 

Biological Sciences Workshop — The 
Academy organized a one-day "Biological 
Sciences Workshop" in the Department of 
Zoology, University of Allahabad on 
Sunday, September 26, 2004 for the science 
students of +2 level of Allahabad 
Intermediate Colleges. Several teachers of 
the colleges also participated in the 
Workshop. Prof. U.C. Srivastava was the 
Convener of this workshop, Dr. V.S. 
Bhatnagar and Dr. R.R. Tiwari very kindly 
agreed to be the resource persons. The 
workshop was inaugurated by Prof. S.L. 
Srivastava. Prof. Pratima Gaur, Head of the 
Department of Zoology, AU. was the Chief 
Guest. While addressing the gathering of 
more than 80 students and teachers. Prof. 
S.L. Srivastava explained the importance of 
organizing such programmes and told that 
teachers should teach science by doing 
experiments and not only lecturing on the 
blackboard. Prof. U.C. Srivastava gave a 
brief account of the experiments and 
demonstrations to be done on that day and 
introduced the resource persons. Prof. 
Pratima Gaur welcomed the teachers and 
students in the department and assured that 
they will get full cooperation from the 
faculty and staff of the department to make 
the programme a success. After the 
inaugural session predemonstration lectures 
were given by Dr. V.S. Bhatnagar and Dr. 
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RR. Tiwari on basic concepts of 
cytogenetics, staining and preservation 
methods. Then, Prof. U.C. Srivastava, with 
the help of resource persons demonstrated 
the presence of Barr Body, Chromosome's 
slide preparation and preservation of 
laboratory animals for specimens. All the 
teachers and students found this programme 
very useful. 


The Valedictory Function was organi- 
zed on the same day in which certificates of 
participation were distributed to the 
teachers and students by Prof. U.C. 
Srivastava. Dr. Niraj Kumar, Assistant 
Executive Secretary of the Academy 
extended a vote of thanks. 
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Obituary 


Prof. Ram Charan Mehrotra 



Born on 16 th , February, 1922 in Kanpur, 
Prof. R.C. Mehrotra, D.Phil (Alld.) Ph.D, 

D. Sc. (London), D.Sc. (h.c. : (Kanpur, 
Meerut, Jhansi and B.H.U.), F.N.A, 
F.N.A.Sc., F.F.A.C.S. was a unique combi- 
nation of a gifted excellence, dedicated 
teacher and par excellence scientist. He was 
a Fellow of Royal Institution of Chemistry 
and Royal Society of Chemistry (London). 

Prof. Mehrotra was honoured by fellow- 
ships of all three Academies : The National 
Academy of Sciences India, Allahabad, 
Indian National Science Academy, New 
Delhi and Indian Academy of Science, 
Bangalore as well as Fellow of Third World 
Academy of Sciences. Prof. R.C. Mehrotra 
was honoured and awarded several times 
for his excellent scientific achievements : 

E. G. Hill award (1949), Shanti Swaroop 
Bhatnagar Award (1965), Sheshadri Award 
(1976) of Indian National Science 
Academy, P.C. Ray Award (1977) of 
Indian Chemical Society, Platinum Jubilee 
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Award (1980) of Indian Science Congress 
Association, P.C. Ray Award (1998) and 
Lifetime Achievement Award (1999-2000) 
by Chemical Research Society, Bangalore. 

Prof. Mehrotra was elected General 
President (1978-79) of Indian Science 
Congress as well as President for Indian 
Chemical Society (1976-77) and Society 
for Peace, Security and Development 
(1993-2003). He was the Vice-President 
(1977-78) of Indian National Science 
Academy. 

Prof. Mehrotra was solely responsible 
(giving directions) for reform in New 
Educational Policy in higher education 
through U.G.C. and he was appointed as 
Chairman, Policy Commission (U.G.C.) for 
College and University teachers (1984-86). 
Prof. Mehrotra had been rated as the 
foremost Inorganic Chemist in India and all 
over the chemical world by National 
Science Foundation (N.S.F.) America, 
American Chemical Society, UNESCO and 
inorganic chemistry section of IUPAC. 

In his academic life, he worked as 
lecturer (1944-54), Allahabad University, 
Reader (1954-58) Lucknow University, 
Professor and Founder Head (1958-1962) 
Gorakhpur University. In 1968 he joined 
Rajasthan University, Jaipur. At all these 
places he established Excellent Education 
Centre for teaching and research. Prof. 
Mehrotra was Vice-Chancellor, Rajasthan 
University (1968-69 and 1972-73), Delhi 
University (1974-79) and Allahabah 
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University (1991-94). He was Emeritus 
Professor in Rajasthan University and 
Coordinator SAP, UGC till his death. 

His life's favourite quotation was "Great 
Chemists never die. They just reach 
equilibrium." 

The main research achievement of Prof. 
Mehrotra was the formation of "aluminium 
tri soap" which was known to be "non 
available." 

He was known as the father of "Metal 
Alkoxide Chemistry", later he become 
dedicated for the preparation of new 
ceramic materials from alkoxide. 


His extremely important books are: 
Metal Alkoxide (1978), Metal P-dliketona- 
tes (1978), Carboxyllates (1983), Organo- 
metallic (1999): Aryloxides and Alkoxides 
of Elements (2001). 

In his passing away on July 1 1 th , 2004, 
at Mumbai after massive heart attack, the 
academic community has lost a great 
teacher, researcher, educationist, adminis- 
trator and above all a remarkable great 
human being. He has left behind his loving 
wife Dr. (Mrs.) Suman, two daughters 
(Rashmi and Shalini) and one son (Piyush) 
as well as a large number of students, 
admirers, well wishers and friends to 
bemoan his death. 

R.K. Dubey 

Swedish Research Institute Fellowship 
Awardee, Stockholm (Sweden) 

Reader, Department of Chemistry, University 
of Allahabad, Allahabad-2 1 1 002 (U.P.) 
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FORTHCOMING SYMPOSIA/SEMINARS/MISCELLANEOUS ANNOUNCEMENTS 


National Conference 
on 

Bioinformatics Computing NCBC’05 
to be held from March 18-19, 2005 


Contact 

Deepak Garg 

Convenor, NCBC'05 

Computer Science & Engineering Department Thapar Institute of Engineering 
and Technology Patiala - 147 004 
Email : deepakgarg@ieee.org 
Tel : 0175-2393007 
Mobile : 09S15599654 
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ADDENDUM 


In Short Research Communication entitled 'Light induced transformation of quinine : 
Studies in the effect of pH', By Shubha Jain, Binita Kheradia and Amitbodh Upadhyay 
published in National Academy Science Letters, Vol. 27, No. 7 & 8, 2004, p. 273-274, the 
Schemes (I and II) were not printed inadvertently. The same are given below: 



Scheme - 1 



Scheme - II 
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